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@ When controlled atmospheres ar: 
used the above reactions are also controlled and 
the result is a superior heat treatment for eithe 
ferrous or non-ferrous metals. 

In the booklet, ‘The SC Primer of Prepared 4: 
mospheres”, a complete discussion of the effects 
of gases on metals, the composition, reaction, ani 
application of DX, NX, RX, CG and Char-M 
Gases, and generating units are given. Copies ar 
available upon request. 

For many years Surface Combustion has speci: 
ized in the science of the chemistry of gases as‘! 
applies to heat treating. Recent developmen’ 
have indicated both surface and physical effec’s 
of gases on metals, promising interesting advance 
ments in post-war heat treating practices. Supe" 
of 16 radiant tube, pit-type furnaces used fast gas quenching and dry pickling are exampies 
mm ges corburizing of roller bearing parts. Surface Furnace Engineers will be glad to discuss 

possible applications with you. 


oa a oi ; 
Wigley. he ; ~% 
iris Vai . ey eis 


Two Surface RX Gas Generating Units 
supply prepared atmospheres for a battery 
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SURFACE COMBUSTION + TOLEDO 1, QHIO 


Standard and Special Industrial Furnace Equipment For: 





Forging, Normalizing, Annealing, Hardening, Drawing, Carburizing, Nitrid 


ond Heating. Special Atmosphere Generators. Write for Bulletins 
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fl€ Alloys 
Standardized 

Es by Institute 

4 Wide Se 


Because large tonnages of the NE 8600 and ceive a report, which includes chemical analy 
NE 8700 series of alloy steels have been used sis, grain size, working temperatures, Jominy 
successfully for a wide range of applications Hardenability Test results, and physical prop 
and have shown excellent mechanical proper- erties interpreted from hardenability for various 
ties and desirable response to both fabrication sized rounds quenched and tempered at three 
and heat treatment, the American Iron and __ different draw temperatures. The report per 
Steel Institute now registers these as standard tains specifically to the heat of alloy delivered 
AISI alloy steels. The AISI prefix will replace All bars are identified according to heat, with 
the NE designation but the numbers will re- painted color markings and stamped heat sym 
main the same. bols, which correspond to the identificatio1 
Ryerson selected the 8600 and 8700 series noted on the report. 
idlloys at the start of the NE (National Emer Thus Ryerson offers uniform, hign quality 
gency Alloy) program. Large stocks have been plus complete working information that e1 
built up and a full range of sizes are available ables you to heat treat correctly without further: 
for quick delivery from Ryerson stock. testing or re-testing. Call Ryerson for 8600 
On all Ryerson alloys you get this plus service: and 8700 and all other alloys as well as carbo 
With each shipment of alloy steel, you re- and stainless steel products. 


RYERSON STEE 


JOSEPH T. RYERSON & SON, INC., STEEL-SERVICE PLANTS: CHICAGO, MILWAUKEE, 
DETROIT, ST. LOUIS, CINCINNATI, CLEVELAND, PITTSBURGH, PHILADELPHIA, BUFFALO, NEW YORK, 
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PREVENTION OF 





FLAKES IN STEEL 





FORGING BILLETS 





; STEEL DEFECT now 


mmonly called a “flake” was known to exist 
ps far back as 1911 or 1912.. The term originated 
ith United States Ordnance inspectors who first 
ticed them on visual examination of the frac- 
ured ends of tensile test pieces. A cooperative 
tudy by the U. S. Geological Survey, the U. S. 
Army Ordnance, the National Bureau of Stand- 
rds, as well as work by the National Research 
uncil on the nature of this defect, resulted in a 
teneral agreement that it was a small particle of 
teel different in composition from the balance 
pi the piece. The two original publications appear 
1 1920 Transactions of the American Institute 
bi Mining & Metallurgical Engineers, and are by 
lessrs. Clayton, Foley and Lavey, and by H. S. 
Rawdon, respectively. It wasn’t long, however, 
ntil flakes were proven to be discontinuities or 
uptures in the metal and efforts were turned to 
inding their cause. 

Studies were made of the part played by 
niernal stresses resulting from the phase changes 
iking place in the steel during cooling, the weak- 
ning effects of segregation, inclusions and den- 
rie pattern, and the internal pressure exerted 
y precipitated gases. Each of these by itself, as 
ell as in conjunction with one or more of the 

thers, has been and still is advocated as the 
"ime cause. Notable publications along this line 
iclude the one entitled “Flakes and Haircracks 
i hromium Steel” by A. Hultgren in the Journal 
i the Iron & Steel Institute for 1925, and another 
ntitled “Iron Oxide and Gas Content of Molten 
lloy Steel” by W. A. Hare and Gilbert Soler in 
Transactions for 1937. 

An early discovery was that flakes were 
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found to occur only in the cooling following a 
hot working operation. They can be experimen- 
tally produced without any immediately preced- 
ing hot work, but the necessary conditions are 
not found in ordinary steel mill operations (roll- 
ing and cooling). There is no limiting factor in 
the usual chemical analysis; flakes can and do 
occur in almost all grades of high carbon and 
alloy content. 

The necessity that a hot working operation 
immediately precede the formation of a flake in 
previously sound steel apparently ruled out the 
internal stress from phase changes or the weak- 
ening effect of segregation as prime causes of the 
defect. This left the internal pressure from 
precipitated gases, hydrogen in particular, as the 
main cause. This conclusion has been developed 
in such publications as “The Production of Flakes 
in Steel by Heating in Hydrogen” by R. E. Cramer 
in @ Transactions for 1937, and “Susceptibility 
to Flaking and Avoidance of Flake Formations” 
by E. Klausting in Metallurgia for 1937. The 
explanation was based on the facts that gases 
diffuse in metals in the atomic state, and that 
the diffusion of hydrogen in steel increases rap- 
idly with increases in temperature. Also the 
solubility of hydrogen in steel rises rapidly with 
increases in temperature over 500° F. This com- 
bination of circumstances leads to the precipita- 
tion of hydrogen atoms —-if present — on cooling, 
and their combination into molecular hydrogen 
incapable of diffusing out through the steel, 
resulting in enough internal pressure to rupture. 
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Fig. 1— Etched Slice From 5x5-In. Billet of 
S.A.E.. 4340, Cut After 16-In. Discard From End 
of Billet Following 136-Hr. Pit Cool. Heat tested 
11/26/43 and all tests were free from flakes 


Fig. 2— Etched Slice From Same Heat as Fig.! 
Cut After 16-In. Discard From End of Pit 
Cooled Billets After Being Stocked Six Month 
Tested 5/18/44; 60% of the billets were flaked 





This theory was further supported by the 
only method then known of successfully prevent- 
ing flakes — slow cooling following all hot work- 
ing operations. The hydrogen was supposed to 
diffuse out of the steel during slow cooling and, 
once having escaped or established escape paths, 
no internal pressures could be built up in subse- 
quent heating and cooling operations, unless 
these escape paths were closed by hot deforming 
the material. Hence the requirement that hot 
work was a necessary preliminary to the slow 
cooling (during which the flakes actually formed). 

Largely due to studies at University of IIli- 
nois on internal transverse fissures in rail steel as 
well as shatter cracks (the railroad man’s name 
for “flakes”) the production of sound rails has 
been put on a firm basis. Consequently the pub- 
lications from these workers have unusual 
authority. Reference may be made to “The Pro- 
duction of Flakes by Treating Molten Steel With 
Hydrogen, and the Time of Cooling Necessary to 
Prevent Their Formation”, and to “The Preven- 
tion of Flakes by Holding Railroad Rails at Vari- 
ous Constant Temperatures”, both by R. E. 
Cramer and E. C. Bast in @ Transactions for 1939. 

Numerous investigations are still in progress 
on the effects of hydrogen (see “Flaking in Alloy 
Steel” as discussed in the 1944 meeting of the 
Openhearth Committee, A.I.M.E.) and a large 


number of metallurgists, particularly the researc 
workers, would have us believe that it is th 
prime cause of flakes. Frequent references | 
segregated areas are an admission that ther 
something in steel, a necessary prior cause, 
addition to hydrogen, even though there has been 
no success in any of the attempts to correlat 
segregation as measured by the known causes 
such as mold size, pouring temperature, and ratt 
of rise in the mold, with susceptibility to flaking 
The known facts about flaking are as | 
lows: Large size pieces are more prone to flakes 
than small pieces; some analyses, high in carbo 
and alloy content, are more prone to flakes tha 
lower analyses; flakes are never encountered © 
the austenitic stainless grades, even though the 
contain sufficient hydrogen to cause bleeding 
the ingots during solidification; heats of the sam 
chemical grade have different susceptibility 
flakes, occasional heats being free from flakes 
air cooling and companion heats made and ro! 
the same way being extremely sensitive to {a 
formation; occasional heats, which are $8 
cooled from rolling and are free from flakes wh" 
tested, will develop flakes at a later dat 
Apparently some heats require a definite per 
of germination after the material reaches 1" 
temperature before the ruptures occur; an ex 
ple is seen in Fig. 1 and 2 and their captions 
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A. O. Bamberger has described, in an article 
» Iron and Steel Engineer for November 1943 
ntitled “The Prevention of Flakes”, an attempt 
9 combine the two time periods required for (a) 
low cooling of forgings to prevent flakes and (b) 
subsequent required heat treating operation. 
rhis has resulted in a method for preventing 
akes radically different from previously accepted 
rocedures. This cycle consists of: (a) cooling 
n air to below the transformation temperature 
but not low enough for any hydrogen precipita- 
ion; (b) reheating to above the Ac, temperature, 
‘ith a long enough soak to assure uniformity of 
emperature, and (c) air cooling. Various modifi- 
ations of this cycle have been attempted, such as 
holding at various temperatures for isothermal 
ransformation without the subsequent reheating, 
oling to temperatures above Ar, and then 
eheating, or cooling to below Ar, and rebeating 
o below the Ac,. Some of these modifications 
ave met with success, but more often the results 


When steel is cycle cooled, the first air cool- 
ing to below the Ar, point establishes the thermal 
stress and the stress due to phase change, without 
allowing any hydrogen to precipitate. The sub- 
sequent reheating relieves the phase change stress 
and the residual stress left from the hot working. 
In the final air cooling, only the thermal stress 
and the stress due to hydrogen precipitation are 
generated. The resultant of these two is not 
sufficient to rupture the material. 

In heats which are rolled to both large and 
small sizes it is often found that the large billets 
show flakes while the smaller sizes are satisfac- 
tory. The thermal stress in the large size is 
great enough to give a resultant combined stress 
which will cause rupture, while in the smalier 
size this part of the total stress is low enough so 
that no flakes result. None of these variables is 
encountered in cycle cooling, since the stresses 
are never allowed to generate all at the same time. 


Recommended Cycles 


Using the above theory of cycle cooling, a 
thermal treatment has been devised and used 
successfully by several steel companies to prevent 
flakes in alloy billets. These cycles always cool 
the billets so that all of the steel is below the Ar, 


temperature. Unless this cooling practice is 


Table I — Heating Cycles to Avoid Flakes in Steels 


All temperatures are actual steel temperatures 
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specified time as determined by billet size. 
and hold for specified time. 
| 0.30/0.50)| 0.50/0.80 | 0.15/0.35 | 1.00/2.00 | 0.50/0.80 | 0.20/0.40 


specified time as determined by billet size. 
and hold for specified time. 
| 0.10/0.20| 0.30/0.60 | 0.15/0.35 | 4.75/: 


fied time as determined by billet size. 
out with hold for specified time. 


specified time as determined by billet size. 
and hold for specified time. 


| 
CurRo- 


MIUM 


MANGa- 
NESE 


CARBON SILICON NICKEL 


CycLe I— Rapid cool to 800°/700°, and even out with hold for 


Reheat to 1250°/1300° 
Furnace cool to 1200° and air cool. 


Rapid cool to 750°/650°, and even out with hold for 
Reheat to 1250°/1300° 
Furnace cool to 1200° and air cool. 


20 | 
‘ 


) 
0.10/0.30 | 0.40/0.60 | 0.15/0.35 | 3.25/3. 


Rapid cool to 1200°/1100°, and even out with hold for speci- 
Reheat to 1300°/1350° and even 
1200° and air cool. 


Furnace cool to 
0.15/0.35 
0.15/0.35 
1.80/2.20 
0.15/0.35 
0.15/0.35 
1.80/2.20 
Rapid cool to 1100°/1000° and even out with hold for 
Reheat to 1375°/1425' 
Furnace cool to 1200° and air cool. 
0.15/0.35 | 1.10/1.40 | 0.55/0.90 
0.15/0.35 | 1.65/2.00 | 0.90/1.20 
0.15/0.35 | 3.25/3.75 | 1.40/1.75 
0.15/0.35 | 2.75/3.25 | 0.60/0.95 
0.15/0.35 | 1.65/2.00 | 0.20/0.30 
0.15/0.35 | 0.40/0.60 | 0.40/0.60 
0.40/0.60 | 0.20/0.50 | 0.20/0.40 
0.40/0.60 | 0.40/0.70 | 0.40/0.60 


0.90/1.50 
0.90/1.50 


0.90/1.10 | 0.30/0.60 
0.90/1.10 | 0.30/0.60 
0.50/0.65 | 0.70/1.00 
0.30/0.50 | 0.70/0.90 
0.30/0.50 | 0.70/0.90 
0.55/0.65 0.75/1.00 


0.60/1.10 
0.70/0.90 


0.30/0.50 | 0.60/0.90 
0.30/0.40 | 0.30/0.60 
0.10/0.35 | 0.30/0.60 
0.10/0.40 | 0.30/0.60 
0.20/0.50 | 0.60/0.80 
0.15/0.30 | 0.70/0.90 
0.15/0.50 | 0.80/1.20 
0.30/0.50 1.20/1.50 








MOL YB- 
DENUM 


5 0.20/0.30 


0.20/0.40 


0.15/0.25 


0.20/0.30 
0.08/0.15 
0.15/0.25 








adhered to, flakes often result. The steel may be 
air cooled as rapidly as possible, but must be held 
below Ar, long enough so that the center of the 
lift will reach the required temperature. Care 
must be used that the ends of the billets and the 
outside billets of the lift do not cool below the 
danger point of 500° F., where ruptures will be 
caused by hydrogen precipitation. The billets 
are then heated to a temperature just below the 
Ac, point. This temperature is used so that no 
phase change will take place on the subsequent 
air cooling, and the steel will be as soft as pos- 
sible within the required thermal limitations of 
this treatment. Since the critical temperatures 
of a number of the various alloy grades are rea- 
sonably close together, they can be grouped and 
the number of required cycles reduced materially. 


largest billet in the furnace determines the tim, 
Specific recommendations are as follows: 
HoLp IN Lower HOLD IN Higup 
TEMPERATURE TEMPERATURE 
RANGE RANGE 


6 Pe 6 hr. 


S 
6 
9 f 

10x10 10 

lix1l 814 10% 

12x12 y 11 

These cycles were set up to take billets rang 
ing from 342 X3% to 12X12 in. as delivered from 
the blooming mill shears, and treated in a shee 
annealing furnace of the box type. The billet 
were loaded on the lift bottoms with the fire 


1Z 
x 
x 
8x 
x 

x 
x 


layer supported on rail sections and each succeed. 


ing layer separated sim 





larly. The billets we 
spaced apart, side by sid 
for free circulation of 
during cooling and of { 
nace gases during reheating 
During the development 
the cycles, thermocou 
were placed on the bott 
in the center to control | 
temperatures of the billet 
Now that the cycles h 
been thoroughly tested, | 
of holding has been fi 
to be an adequate cont 
and a furnace thermocou 
controls the reheating | 
peratures. When the « 
of the billets and the 
side billets drop dow 


the specified temperat 





Fig. 3— Car Loaded With Billets, on Transfer 


for Entrance Into Ante-Chamber at Beginning of 


Track Ready the bottom is pushed 
Dressler Kiln the furnace and the d 
closed. The heat give! 





In fact four cycles will be found to include the 
necessary conditions for all the heavy forging 
steels now in production. These are listed in 
Table I, page 701. 

Some provision is required for variation in 
billet size, since smaller billets will cool or absorb 
Holding times 


heat faster than larger ones. 


should therefore be specified at the lower tem- 


peratures, for assuring that the center of the lift 
Soaking times 


reaches the specified temperature. 
at the reheating temperatures are also set up, 
based on billet size and for lifts averaging 40,000 
lb. It has been found that billets up to and less 
than 6X6 in. in size may be cycled the same as 
6X6’s; larger billets require longer times. (The 


by the warmer center bi 
in the lift evens out the temperature of the e' 
lift without letting the outside billets becom« 
enough for flakes to form. 


Continuous Kiln for Furnace 


The prime purpose of cycle cooling 
greater assurance of freedom from flakes 2! 
Slow cooling normally 
with some Pp 


faster operation. 
sumes in excess of 96 hr.; 
requires as much as 170 hr. Cycles in thes 
furnaces range from 30 to 70 hr., depending 
the billet size. In order to reduce this tim 
also to cut the cost, two 345-ft. Dress! 


originally built for the continuous annea 
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Fig. 4 — View Down Tunnel of Furnace at the Beginning of the Soaking Zone, 
Showing How Cars Form the Furnace Bottom. In the cooling end of the furnace 
the walls are lined with a series of large diameter steel pipes, placed horizontally 





sheet steel, were converted to the continuous The 345-ft. furnace is divided into three 
eyele cooling of alloy billets. zones the first zone or preheating section of 

Billets are piled on annealing trays, which 120 ft., the second or soaking section of 60 ft., 
measure 661&0 in., as they are delivered from and the third or cooling section. The furnace 
the mill, cut to the ordered length. Railroad rail (see Fig. 4) is heated by five North American 
sections are put on the trays first and in between burners for natural gas on each side of the soak- 
the lavers of billets, as was done when cycle cool- ing zone. These burn in tile tunnels on each side 
ng in box furnaces. Limits have been set up of the furnace with the flame and waste gases 
for the number of billets in a layer and for the traveling along each side parallel to the length of 
number of layers in order to insure uniformity the furnace toward the entrance end. The stack, 
during cooling and reheating. These range from which is located at the entrance end, provides the 
l2 billets to a layer with 5 
layers for 4X4’s, to three bil- 
ets to a layer with three lay- 
ers for 12X12’s. After the 


ift has cooled to the specified 








: 


‘emperature, as measured by 
fempil Sticks” and visual 
amination, the tray is 
aded on a car (Fig. 3). 


-. Saaking Zone +-— Cooling Zane 


: 


This car, when put into 


8 


‘urnace, forms part of a train 








Furnace Temperature, F 


whose deck serves as the bot- 
‘om of the furnace. The train 30 60 90 220 150 780 210  OhO 270 

‘composed of 21 cars, and Distance Along Furnace, Ft. 
xelore a car can be pushed 
nto the furnace at the Fig. 5— Thermal Profile for Charges of 7x7-In. Billets of 
e end, a car must be §.A.E. 4340 Steel, Charged 11:30 A.M. 11 11 and Removed 5:30 
rom the delivery end. A.M. 11/13: Cars Pushed Every 2 Hr. Ac 1350; Ar,—725° F. 
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necessary draft. 
during the entire time the car is traveling from 
the entrance through the soaking zone. 

In the cooling zone, heat is extracted by 


In this way the work is heated 


drawing atmospheric air through steel tubes 
along the walls. This air is used for combustion 
after being further pre-heated. 
703) is a temperature profile of the furnace when 
treating 7 7-in. billets of S.A.E. 4340 steel. 

In addition to these three zones in the fur- 
nace proper, there are two ante-chambers, one at 
each end, for the admission and discharge of the 
These are fitted with inner and outer doors, 


Figure 5 (page 


cars. 
so a car may be charged or discharged without 
opening the tunnel to the outside atmosphere. 
This allows a much closer control of combustion 
and temperature within the furnace. 

The rate of rolling on the mill, the size of the 
billets, and the amount placed on each tray con- 
trol the rate of cooling of the lift and how often 
cars can be put into the furnace, since the billets 
must cool to below the specified temperature 
before they can be removed to the outer air. Our 
experience has been that the furnace can heat the 
billets fast enough so that we can keep up with 
mill production. Very often we have five or more 
cars of hot billets, ready to enter the furnace. 
To arrive at some uniformity, we have set up 
limits of heating by establishing a minimum time 
in the soaking zone for various size billets, as 
follows: pos 
MINIMUM TIME IN 

SOAKING ZONE 
3% to 5 in. square 2% hr. 
5 to 7% in. square 3% 
7% to 12 in. square 44 


BILLeT SIZE 


Nothing under this time is permitted 
although it may be exceeded, since the tempera- 
ture in the soaking zone is under the Ac, point 
and time at temperature is net a factor. Bury 
pits and box furnaces are available to take care 
of the hot steel from the blooming mill, should 
any delay be encountered in the continuous cool- 
ing zone. 

Results: Flake-Free Steel 

This continuous cycle cooling has been in 
operation for nearly a year and out of over 25,000 
tons of alloy billets treated, only two lifts of 
flaked steel have been found. (In both of these, 
the lifts were put into the furnace before they 
had cooled below the specified temperature.) It 
has been found to be much less susceptible to 
errors on the part of the operators, to deliver 
steel somewhat softer than that obtained from 
box furnace cycle cooling, and to be cheaper to 
operate than the box type of furnace. rs) 





CRITICAL 





URPRISED to learn of a rather widespread 
and growing sales resistance to the Nationa! 
Emergency steels on the basis that they are now 
contaminated with “battlefield scrap” and will 
therefore be unreliable 
who have used these same steels successfully in 


-this coming from mer 


the past and recognize their success in absorbing 
usefully the valuable alloying metals in circulat 
ing home scrap. Just how a modicum of nick 
or chromium or molybdenum recovered from 

tank transmission that was shot up in Normandy 
can be any different from the alloy reclaime 
from a duplicate part rejected in Toledo by a 
eagle-eyed inspector is hard | 
imagine. Maybe the news has 
got about that brass mills d 
not like to put more than |: 
or 20% of fired cartridge cases 
into their melting pots when making more car- 
tridge brass, and Uncle Sam’s mint is therefor 
using some of them instead to manufacture the 
lowly penny. Maybe this is how the purchasing 
agent’s mind works: “If fired cartridge cases 
from the battlefield can’t make good new ¢ar- 
tridge cases, then steel scrap from the battlefield 
can’t make good new steel.” If so, it will tak 
some telling and retelling to tell him that the on 
conclusion doesn’t follow from the other. Fired 
cartridge cases contain about 1% antimony su- 
phide in their primers, and this is not eliminated 
in the simple melting of a brass ingot, to th 
detriment of its ability to withstand heaviest col 
working in the drawing presses. Steel manulac- 
ture, however, as all certainly must know, is don 


Battlefield 
scrap — steel 
and brass 


under refining conditions, and all manner of dir 
is slagged off from the scrap and pig iron charge¢ 
Anyone who has taken a look at the “count 
scrap” the American steel industry was forced ! 
use during 1943, and from which very satisfactor 
steel indeed was made, will agree that the dirties' 
battlefield should yield a cleaner charge. As 

matter of fact, munitions are made of much mo! 
carefully refined, processed and inspected me! 

than the average of peacetime goods, and it’s * 
good bet that a steel maker would gladly chan: 
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from scrap automobiles that never left the coun- 
try to scrap tanks or guns that received mortal 






sounds on foreign fields. 






EMEMBERED how in the early days of 
Hitler’s war it was freely predicted that he 
could not last long because he had such limited 
supplies of money, oil and alloying metals. So 
was greatly interested in learning from officers 
on Gen. G. M. Barnes’ staff that Army Ordnance 
Department has not found until very recently any 
evidence that the Germans have insufficient 
strategic alloying metals or satisfactory substi- 
The incorrect predictions about other 
materials were based on Germany’s limited or 
n-existent production and the belief that 
imports could be blockaded. 

Small lack Error came through neglecting 
of alloys in the fact that the Germans had 
Germany accumulated stockpiles of every- 
thing the high command thought 

the armies would need, and that they later 
captured in France and Czechoslovakia similar 
generous stockpiles, either as such or worked up 
into guns, armor and tanks — metals that were 
promptly reworked. Furthermore, they had no 
compunctions about combing their conquests for 
the last scrap of desirable metal; much manga- 
hese ore also came in from Russia and chromite 
irom Greece and Turkey. As the war progressed, 
there has therefore been very little change in the 
tature and treatment of the alloys going into 
“erman munitions. Things like guns and engine 
parts that needed hardenability got a sufficient 
mount of molybdenum and chromium — in 
some instances even more than we would have 
thought necessary. Nickel, which has always 
Seen short, has been reserved for aircraft and 
ther most essential purposes. German tank 
rmor has considerably higher carbon and lower 
illoy than ours, which is responsible for its lower 
‘oughness and poorer weldability, counterbal- 
inced by the frequent emergency festooning of 
‘xtra armor plates or track treads about the more 
‘ital areas of the panzers..... Knowing arma- 
ment as we know automobiles, it is unlikely that 












tutes. 
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the Germans would use anything but excellent 
steel making and steel treating practices — and 
this is proven by examination of much captured 


matériel. (See the notable study of the subject 

by War Metallurgy Commit- 
Iron powder tee in the February issue 
for shell of Metal Progress.) One 


interesting substitution for 
copper, the most critical of 
all metals in Germany, is in rotating bands on 
projectiles. The “standard” metal is copper or 
gilding metal (10% zinc). The Germans have 
found that bands made of iron powder are satis- 
factory. Chemical analyses indicate that low 
carbon scrap may have been the ultimate raw 
material, for the iron band has about the same 
content in manganese and carbon, as well as ordi- 
nary amounts of “tramp” alloy. Many cartridge 
cases in all calibers are made of steel, but not to 
As shown in the 


rotating bands 


the entire exclusion of brass. 
leading article in the March issue, the steel used 
is a low carbon, non-aging variety, ordinarily 
completely spheroidized in microstructure. Rust 
protection is either by copper or brass plate inside 
and out or, better, by phosphate treatment cov- 
ered with lacquer. 
EMEMBERING dictum that 
war is entirely too important a matter to be 
left to the generals, and exercising the right to be 
war which is so 


LLoyp GEORGE'S 


an armchair strategist in a 
intensely personal to every man, responded to 
Baltimore Chapter’s invitation with a talk on 
“Metals in Armament (With Some Thoughts on 
Influence of Air Power on Warfare)” — mostly 
the latter. Many happenings in this war have 

already refuted the predictions 
The future of over-enthusiastic air men 
of warplanes that the doom of battleships 

has been struck — to say noth- 
ing of the other weapons of World War I. This 
new war is now old enough so that it should now 
be in order to attempt to strike a balance between 
some of the rash predictions and sober fact..... 
Of the various functions of warplanes, the one 
where it seems to stand pre-eminent, in the sense 
that it does something never done before, is for 
transporting explosives, men and materials for 
long distances and rapidly over formerly insur- 
mountable obstacles and defenses. This does not 
mean — even after making reasonable allowances 
for future improvements 
in aircraft — that the air- 
plane will be the only 
carrier, and there will be 





By the Editor 


no future use for ships 





to ply the oceans, or for 














traverse land, or 
artillery to fire explosive shells. For the airplane 
to supplant the battleship, for example, it would 
require that the airplane be able to transport all 
necessary men, matériel, and supplies for an 
invading army, else an opponent with well pro- 
tected naval power could prevent auxiliary sup- 
plies from arriving afloat. Now it is more than 
doubtful that the airplane can do so.....A long 
conference with some of GLENN MarrtTIN’s engi- 
neers did nothing to shake this conclusion. We 
attempted to predict the range, carrying capacity 
and speed of tomorrow’s air transport by estimat- 
ing the effect of improvements reasonably to be 
expected in materials, in power 
plant, and in aerodynamic 


railroads and motor cars to 


Freight — 


flown or design; while it is within reason 
floated? to expect that all troops would 


be airborne in the last lap of an 
invasion or campaign, there is no justification for 
expecting that the cost of flying freight (now 7 to 
8¢ per ton-mile) will ever approach that of float- 
ing the cargo (about 0.2¢ per ton-mile). Since 
these costs ultimately reflect the man-hours 
required in preparing and operating the respec- 
tive services, and since our only serious lack in 
this war is man-hours, there seems little chance 
that we could ever afford such extravagance in 
a struggle for life and death..... Of the other 
two principal functions of warplanes — recon- 
bombardment they 
already excel the older devices, they are in turn 


naissance and while 
being pressed by new weapons like radar for 
observation and rockets for long-range projectiles. 
If flying bombs, “vengeance weapons” and similar 
devilish aircraft rather 
than projectiles, then one hesitates to project his 
mind ahead, appalled with the thought that unless 
adequate defense or preventive measures can be 


devices are classed as 


devised, man —the animal —is on the road to 
self-destruction by creating an artificial environ- 
ment in which no animal can live. 

BSORBED, at GLENN MartTIN’s 


Jaltimore, 


k were 
arge 


plant 


near some of the enthusiasm 
found there for some new 75S aluminum extru- 
sions, with 78,000-psi. yield and 90,000 ultimate 
figures that indicate it might replace normal- 
ized steel in aircraft parts, in the 

Galaxy of opinion of C. G. STEPHENS, inspec- 
metals in 
airframes 


tion manager, and currently chair- 
the Baltimore Chapter. 
exhibited 


man of 
(He 


record size 


also some extru- 
about 24 sq.in. in cross- 


The 


possession of a single alloy of such excellent 


sions of 
section, 50 ft. long, weighing 750 Ib.). 


properties does not mean that the entire airplane 
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will be forthwith transformed, for he tells me tha; 
the large “Marauders” and “Mariners” now jy 
production contain 26 different aluminum alloys 
(15 wrought and 11 cast), 35 steels, mostly alloy 
11 corrosion resistant high alloys, 14 brasses ang 
bronzes, and four magnesium alloys. 
the structure alone, and says nothing of the fap. 
rics, plastics and rubbers, all of which together 
give interest to the life of a materials engineer 
The list could be simplified, and undoubtedly wij 
be when there is time; many of the steels could 
be replaced by 4340, “which has everything”, 
says STEPHENS..... Interesting and exhaustive 
studies are under way, directed toward the appli. 
cation of spot welding to structural members o| 
aluminum. Seemingly the largest variables jp 
most welding machines stem from the devices for 
exerting pressure on the electrodes — the elec. 
trical control is far more precise. Pending better 
results in production from spot welding, al 
stressed skin on Martin ships is riveted to th 


This is in 


frame. To insure against a dimple where 
countersink may be too large or the rivet drive: 

too hard, the rivets a 
Lawn mower driven with a slight surplus 


for rivet heads of metal in the outside head 


and the extra metal cut off 
with a light hand tool that operates like a littl 
the cutter blades rotating at hig! 
speed and clearing the general surface by 0.00: 
in. Apparently this small projection left on th 
head causes less turbulence in the sli 


lawn mower, 


rivet 
stream than a small dimple from an improp 
countersink..... Two curious notes: (a) “Nylot 
tires grow at a variable rate for two days aft 
first inflation and sometimes don’t fit very wi 
While stainless 


inconel is excellent for exhaust collector rings 





in the retractable gear. (b) 


radial engines, individual exhaust stacks are bel- 
ter made of carbon steel sheet, protected wil! 
porcelain enamel. 





CCORDING TO Army Ordnance Bulletu 
America’s Industry-Ordnance team has pre 
duced in the 4% years through 1944 about 65,)"' 
tanks, 2,800;000 large and 


15,000,000 machine guns and rifles, 43,000,000," 





medium guns 





rounds of ammunition (of whic 
35,820,000,000 rounds 
small and 


bombs, to say nothing of © 


were |! 
43,400,00 


tT 


Arsenal of 
democracy arms) 
types of motorized equipment and an amazit 
diversity of auxiliary material in all some | 
major items of ordnance. About 100,000 bar 
for large caliber guns and howitzers have » 
made of centrifugal castings; pierced bile 
account for another sizable number. 
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FAILURE OF 





SPRING LOOPS BY 





| STRESS CORROSION 


ustive 
appli- 
ers of 
les in 
es lor 

elec- 


better 


he 








in example of the mis-treatment of spring wire, 
all too common in commercial products, and 
especially prevalent in cold wound springs made 
of oil-tempered wire and then cadmium plated. 
lhe thing that is likely to puzzle some is the loca- 
tion of the cracks, namely on the inside of the 
spiral or end loops, but elementary stress analysis 


clearly shows the reason therefor. 


R ECENTLY a large manufac- 
turing concern found a shipment of several thou- 
sand spring clips, of the type shown in Fig. 1, 
page 708, to be defective. It was discovered that 
the looped ends of the wire could be twisted off 
with very little force and subsequent microscopic 
examination of the looped ends revealed the pres- 
radial cracks in that location. These 
cracks were unusual in the respect that they 
emanated from the inside surface of the loop (see 
Fig. 2), whereas the familiar type of crack result- 
ing from an over-severe forming operation always 
ccurs at the outside surface of the bend. The 
springs were 5% in. overall length, formed of 
.068-in. oil-tempered wire, and the inside radius 


ence of 


the end loop was 0.060 in. 
Detailed inspection over the entire length of 
spring disclosed the fact that the cracking 
urred only at the looped ends and was entirely 
lined to the inner surface of curvature. As the 





By Given Brewer 
Stress Analyst 
and Herman C. lIhsen 
Metallurgist 
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springs from this shipment were useless for serv- 
ice it was a matter of first importance to discover 
the cause of the cracking and take prompt pre- 
ventive actions. 

In order that a rational analysis of the fail- 
ures might be made the prior history of the 
springs was determined, including the various 
processing treatments to which they had been 
subjected as well as the chemical composition 
and the physical properties of the wire. The wire 
was found to be oil-tempered S.A.E.1065  stee! 
having an ultimate tensile strength of 225,000 
psi. The springs had been cold formed from the 
wire in the heat treated condition, the first opera- 
tion being to form the central saddle section; the 
final operation was to form the end loops. After 
the forming operation the springs were “stress 
relieved” at 500° F. and then given two coats of 
primer before shipment by the manufacturer. 

Shortly after their arrival at the customer's 
plant the springs were rejected because of faulty 
paint adherence. To salvage the shipment it was 
sent to the metal plating department for cleaning 
and repainting. In the customer’s plating depart- 
ment the springs were processed as follows: 

1. Immersed in a caustic electrolytic clean- 
ing compound for a period between 5 and 10 min. 
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Fig. 1 

U nsatis. 
factory 
Springs, 
Full Size 


—— 





2. Immersed in a 10% solution of hydro- 
chloric acid for a period between 5 and 10 min., 
washed in water and dried. 

3. Cadmium plated. 

!. Baked at 350 to 400° F. for relief of 
hydrogen embrittlement. 

2. Looped ends painted. 

When these springs were used in assembly 
the greatest number broke at the looped ends 
during installation. 

In view of the past history of the springs and 
on the chance that the embrittlement might be 
due primarily to “hydrogen 
embrittlement’, several of the 


A sketch 
of external conditions during forming around a 


retains tension stresses after recovery. 


pin and after spring-back is shown in Fig. 3, and 
an approximation of the residual stresses afte: 
spring-back is shown in Fig. 4. (The latter is an 
adaptation of an illustration in the article in 
Metal Progress; interested readers should refe: 
to it for a quantitative demonstration of th 
derivation of the stress conditions in round wir 
after forming and spring-back.) 

As the loops of the defective spring clips had 
been cold formed it was possible that the residua 
tension stresses at the inne 
surface of the loop due t 





clips were furnace heated to 
various temperatures up to 
1450° F., but this failed to 
alleviate the brittle condition 
of the loops. At this juncture 
the polished sections of the 
loops were examined and the 
microscope revealed the pres- 
ence of radial cracks emanat- 
ing from the inside surface of 
the loops (Fig. 2). It became 
obvious that nothing could be 
done to salvage the springs, 
and efforts were then directed 
toward a complete solution of 


spring-back had not been 
removed by the 500° F. stress 
relief at the manufacturer's 
plant. If the high residual 
tension stresses were stil! 
present at the inner surface 
of the loop it was reasoned 
that the radial cracks in this 
same region could have been 
caused by stress corrosion 

by hydrogen embrittlement 
during one or more of th 


processing operations already 





the problem to prevent its 
recurrence. 

In an 
one of the present authors on 
the subject of residual stresses 
in bridge wire loops (Metal 
Progress, September 1943, 
page 441), it was shown that 
although high tension stresses 


varlier article by 


of End Loop, 


Fig. 3 — Conditions Existing Dur- 
ing Forming of Wire Around 
Small Pin, and After Spring-Back 


Fig. 2 (Above) — Unetched Micro- 
section Showing Crack (One of 
Several) Starting From Inside 


Magnified 40> 


Position 





beyond the yield strength of 


the material exist at the outside surface of a bend during the forming 


operation, the tension stresses on the outside of the bend give way 
to residual compression stresses during recovery or spring-back and 
at the same time the inside of the bend (initially under compression ) 


Position After J 
Spring Back 
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.numerated. To check 
this possibility of 
stress corrosion attack 
ind to the 
fending electrolyte, 
f it existed, a num- 
ber of the spring clips 


isolate 


re selected and 
ooped at Point ‘A’ in 





the undamaged cen- 


Fig. 5 
ter of the spring (see 


Spring After Loop Had Been Wound at Point A of Fig. 1 





Fig. 1 and 5). It 

should be noted that the cadmium plating was not 
removed from these clips which were looped at 
the center. The loops, as formed, had approxi- 
mately the same radius as the original end loops 
but the center loops could be straightened out 
without failure or other evidence of embrittle- 
ment. A microscopic study of the wire, sectioned 
at the central loop in various ways, showed no 
evidence of cracking, and confirms the belief that 
the damaging cracks at the end did not occur as 
the result of the mechanical looping operation. 

The remainder of the springs having the 
extra loops in the center were grouped and then 
subjected to the following processing operations: 

Group A — Processed in the same manner as 
the original springs — that is, immersed in caus- 
tic electrolytic cleaner, held 5 to 10 min., then 
immersed in a 10% solution of hydrochloric acid 
for a period of 5 to 10 min., washed and dried. 

Group B — Processed only in the caustic elec- 
trolytic cleaner. 

Group C —- Immersed only in the 10% hydro- 
chloriec acid solution. 

All three groups were then tested for embrit- 
tlement by straightening open the middle loops. 
lt was found that the springs in Groups A and C 
were embrittled; they broke at the loops under a 





Internal Stress 
After Spring Back 


nernal Stress 
While Forming 
_ Yew 
Point 
In Tension 


No Stress 


Outside of Bend 
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Outside of Bend 
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ameter of wire 








a 


small applied force. This brief experiment iso- 
lated the hydrochloric acid pickle as the elec- 
trolyte in which the corrosive cracking occurred. 
Micrographs of the center loops of the three 
groups after processing are shown in Fig. 6. 

The presence of radial cracks in the micro- 
graphs taken of typical sections from Groups A 
and C further corroborated the evidence at hand, 
namely that the wires failed by stress corrosion 
at the point of maximum residual tension stress 
while in the 10% hydrochloric acid pickling solu- 
tion. Of incidental interest was the fact that the 
springs cracked, despite the cadmium plate. 

To determine the effect of “stress relief” at 
various annealing temperatures a number of 
additional samples were prepared by forming 
loops in the central portions of the spring clips 
in the manner already described. After the loop- 
ing operation the springs were furnace heated to 
various temperatures, 950, 1200 and 1450° F., 
following which the clips were pickled in the 
hydrochloric acid solution. The results obtained 
were as follows: ;, 

CONDITION OF Loops 
ArTer PICKLING 
DUCTILE BRITTLE 
4 ‘ 


Stress RELIEF Loops 
TEMPERATURE TESTED 
950° F 6 
1200 7 5 
1450 7 6 
On the basis of this limited study it would 
seem that the range of temperatures commonly 
assumed to relieve internal stresses are not effec- 
tive in the case of high residual stress. At least 
there can be no assurance that cracks will not 
occur during pickling operations on heat treated 
but cold formed springs, despite “stress relief” 
at temperatures below those that would anneal it 


(“destroy the temper” of the wire). 





Fig. 4 


-Approximate Internal Stress Distribu- 


tion in Wire While Forming Around Small Pin, 


and After External Forces Are Released Allow- 
ing Spring-Back (Loop “Lies Dead”). Note the 
large residual tensile stresses at inside of bend 
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Significantly the manufacturing company in 
this instance stated that it was its policy to pro- 
hibit the acid pickling of heat treated springs 
after cold forming, but that it had been its experi- 
ence that cold drawn spring wire, cold formed 
into springs, could be acid pickled with impunity. 
Corroborating this shop practice, R. R. Tatnall, 
writing in Metals and Alloys for January 1944 
on the subject of hydrogen embrittlement, states 
that heat treated 1065 wire is far more sensitive 
to hydrogen embrittlement in acid pickle than is 
cold drawn wire of the same analysis, and that 
sometimes 15 sec. in the pickling solution will 
cause failure in the heat treated wire. 

The spring company submitted a number of 
strands of 0.072-in. cold drawn 1065 steel wire 
having an ultimate tensile strength between 


the wire and spring industry, yet is evidently not 
so well known to metallurgists generally. A. \ 
de Forest, professor of mechanical engineering 
at Massachusetts Institute of Technology, informs 
us that troubles frequently are brought to his 
attention that might readily have been avoided 
if due regard had been paid to the different char. 
acteristics of these two classes of material, out- 
wardly almost indistinguishable. For example, 
a spring may be made by winding oil-tempered 
wire over a mandrel and then held in restraint 
allowing only the slightest spring-back; in such 
a spring even without pickling and no question 
of hydrogen embrittlement, cracks will sometimes 
form on the outside of the bend (in heavy tension, 
as shown in the left-hand part of Fig. 4). Such 
failures are usually associated with a poor sur- 








Fig. 6 — Condition of Metal on Inside of Central 
Loop at Point A. 40. Left is a cracked sample 
of Group A, after complete processing. Center 


is sound metal (Group B), unaffected by causti 
electrolytic cleaner. Right is a sample of Group 
C, cracked by a dip in hydrochloric acid 





233,000 and 240,000 psi. This wire was looped 
in the same manner as was the heat treated wire 
previously described, and then placed in the acid 
pickling solution for various periods of time up 
to and including 15 min. After the loops were 
washed and dried microscopic examination of the 
bends failed to reveal any evidence of cracking. 
On the other hand, looped samples of the heat 
treated wire placed in the same solution were 
found to have developed cracks in 2 min. 

The superior resistance to stress corrosion 
inherent in the 1065 cold drawn wire as compared 
to the 1065 oil tempered wire of the same ulti- 
mate tensile strength is of particular significance. 
The greater susceptibility of heat treated wire to 
hydrogen embrittlement as compared to cold 
drawn wire of equivalent tensile properties and 
chemical analysis is well known throughout 


face condition, even without active corrosion ! 
‘stress raiser” at a tiny notch 


set up a dangerous 
The same type of breakage occurs in watch and 
clock main springs made of flat strip, which ar 
held in keepers to prevent anything more than 
partial spring-back, but the stress raising defec! 
here is usually located on the edge of the spring 
rather than on the flat. 

This difference in surface condition is 
greatest importance in the serviceability of th 
two classes of wire. Hard drawn spring wit 
starts with patented rod. “Patenting”, the he! 
treatment before drawing, consists of a gradua 
heating and long soaking 300° above the critica 
temperature (to coarsen the austenitic grain s!# 
and to diffuse all soluble elements as uniform’) 
as possible) followed by a quench into molte 
lead at about 900° F., where transformation 1! 
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irlite (called “sorbite” by spring makers) 
quickly — complete transformation in 15 
sec., according to the S-curve. This wire 
s then cleaned, baked, and drawn cold 
rough a succession of dies to its desired diam- 
ter and ultimate strength. Its microstructure is 
hown in Fig. 7, and is evidently of drastically 
iongated grains, much distorted by slip, almost 
‘fibrous’ in nature. 

On the other hand, heat treated springs or 
sire articles made by the “soft process”, so-called, 
tart with rods which have been given a sphe- 
idizing anneal. A program of drafting and 
rocess anneals brings the wire down nearly to 


face of the heat treated wire is of a different 
nature; unless heat treated in lead baths or in 
the most precisely controlled atmosphere, the 
surface will be slightly changed or roughened 
by either oxidation, carburization, or decarburiza- 
tion. Since springs are most highly stressed on 
their very surface, this difference is likely to be 
responsible for quite divergent performance in 
equivalent services. It should be apparent that 
slight corrosion starting at a pre-existing pit or 
small (almost microscopic) roughness in a heat 
treated spring would have a head start on the 
same corrosive medium attacking the truly 
smooth surface of a cold drawn wire. 











Fig. 7— Longitudinal Section of Cold 
Drawn, High Carbon Steel Wire; Etched 
in Nital, Magnified 250 Diameters 





ze, and a light reduction through the last die 

ter final anneal gives it only enough stiffness 

work readily in the coiling machinery. After 

ling or forming the spring is quenched and 

‘mpered. Its microstructure is shown in Fig. 8, 

nd is tempered martensite (with excess carbide 

irticles if the carbon content is high enough), 
frequently described as sorbite or troostite. 

Reverting to the statement that the differ- 

' surface condition is of greatest impor- 

iee, itis at once apparent — knowing something 

manufacturing method — why this is so. 

| drawn wire has a smooth, planished 

any dangerous surface defect existing 

ginal rod will be searched out and cause 

iring the drafting operations. The sur- 





Fig. 8 — Section of Heat Treated Carbon Steel 
Wire, Etched in Nital, Magnified 500 Diameters 





Another point is of great importance, and 
that is the difference in plastic action during 
overstrain. Even though the two classes of wire, 
of corresponding chemical analyses, may give 
almost identical results in the tensile test (aver- 
aging, for example, 225,000 psi. ultimate, 185,000 
psi. “yield”*, 6.5% elongation in 4 in., and 38% 
reduction of area) the shapes of the stress-strain 
curves are notably different. The load is propor- 
tional to the elongation in the heat treated wire 
almost to the yield point that is to say, the 
“elastic” portion of the stress-strain curve is 


*Yield strength is normally taken as the stress 
for an agreed-upon small elongation. Such “yields” 
of a heat treated wire would be somewhat higher 
than the “yield” of a cold drawn wire of equal ulti 
mate strength. 
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a straight line 
occur until the wire is stressed fairly close to its 
portion of an 


and plastic action does not 


ultimate strength. The initial 
accurate stress-strain curve of cold drawn wire, 
in contrast, starts to curve at fairly low stresses; 
actual plastic action starts somewhat before the 
reported “yield” point, and there is a wide range 
of stress available for readjustment and “ironing- 
out” of high stresses around any existing stress- 
raiser before dangerous loads are approached. 
In other words, if atmospheric conditions leading 
to stress corrosion failure are present, the cold 
drawn wire has the better chance to survive, due 
to its capacity for prior internal readjustments. 

Most of the last three or four paragraphs 
have reference to service troubles, and give little 
clue to the reason for the undoubtedly greater 
susceptibility of heat treated, high carbon steel 
wire to hydrogen embrittlement. It might be 
suggested that, since the surface layers of a piece 
of straight wire are in tension after quenching, 
these tensional forces separate the metal’s atoms 
enough so nascent hydrogen atoms from the 
pickling reaction can readily penetrate and do 
their dirty work. However, it is equally true 
according to a communication received from H. C. 
Boynton, consulting metallurgist of John A. 
Roebling’s Sons Co. —— that the very surface lay- 
ers of a hard drawn wire are also in tension. 

The suggestion we have most commonly met 
in literature and in conversation is that hydrogen 
embrittlement is due to the penetration of atoms 
into the metal along grain boundaries (through 
the hypothetical amorphous layers), especially 
those grain boundaries that are under tensile 
stress. For this hypothesis to have any meaning, 
the heat treated wire should have a lot more 
grain boundary areas under tension stress than 
the cold drawn wire, and they should be the locus 
of more intense tensile stresses. 

Analyzing this situation we come up against 
at least two difficulties: 

In the first place, is there any evidence that 
hydrogen diffuses more rapidly through grain 
boundaries than through the body of the undis- 
turbed crystals? We have seen well documented 
statements in the literature that there is no such 
preference shown by other diffusing elements, 
such as carbon or oxygen. 

In the second place, where are the grain 
boundaries in the representative micros, Fig. 7 
and 8? One cannot identify anything like the 
well marked network shown in recrystallized 
cartridge brass, for instance, or annealed mild 
steel. It would be hard to convince yourself that 
there is more grain boundary in Fig. 7 than in 8. 


Conclusions 


Aside from this admittedly speculatiye 
digression, our brief experiments revealed corto. 
sion cracking in the wire spring clips. From th 
much more comprehensive work of othe 
researchers it may be concluded that high carbo, 
cold drawn wire is far more resistant to streg 
corrosion cracking than is heat treated wire o 
the same strength and chemical content. Further. 
more it seems evident that it is inadvisable to acig 
pickle heat treated high carbon steel after form. 
ing operations, or in any condition where high 
residual stresses are known to be present. Frog 
our brief experiments, endeavoring to stress. 
relieve the cold formed portions of the wire by 
furnace annealing, it is apparent that the rang 
of temperature ordinarily assumed to accomplist 
stress relief was ineffective. 8 
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ATMOSPHERE APPLICATIONS 








-EQUIPMENT, METHODS 








AND PROCESS CYCLES 









A RIGID FORMULATION of 
the principles underlying the commercial proc- 
esses for the surface treatment of steel parts has 
been attempted in a series of articles in recent 
ssues of Metal Progress.* Numerous tests under 
described 






irefully controlled conditions were 
ind, from data thus obtained, divers charts and 
rmulae have derived. Since the prime 


bjective of these discussions has been to improve 





been 






the commercial control of such atmosphere proc- 
decarburization, 





sses as carburization, recar- 






burization and oxide coloring, this paper will 





be concerned throughout with industrial practice 






s correlated with these derivations. 
\ great variety of methods may be applied to 






dentical processing principles, and a complete 






verage of all combinations of equipment and 






accessories, even for the process of gas carburiz- 





ng, would be quite voluminous. For a 


illustration of the natural laws involved, it will 


proper 






ha . — . . . 
oe necessary to choose specific mechanisms, and 





these will be described only in pertinent detail. 





* 





Case Depth’ —— an Attempt at a Practical Defi- 
ition’, August 1943, p. 265. 







Maximum Carbon in Carburized Cases”, April 
1944 683. 
Carburizing and Diffusion Data”, Data Sheet, 





May 1944, p. 910-B. 
\n Analysis of a Typical Carburizing Gradient”, 
une 1944, p. 1111. 











\ Formulation of the Carburizing Process”, 
September 1944, p. 488. 
actions Between Hot Steel and Furnace 





heres”, January 1945, p. 84. 
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The choice of these illustrations, however, must 
not be construed as necessarily the ideal ones for 
the process; for example, the factors of simplicity 
and adaptability inherent in the pit type recircu- 
lating retort furnace make this unit a convenient 
vehicle for a wide variety of surface treatments, 
and for this reason it is taken for this exposition. 
(Likewise it is in wide use in American plants.) 
The chosen system of heat input control suits the 
peculiar needs of batch type or cyclic operations, 
and in general applies only to this specific type 
of equipment. Similarly, gas flow control, purge 
conditions, the generation of carrier gas and other 
factors are predicated by the equipment and 
process in question. 

From the very nature of these processes, it 
will be difficult to divide the discussion of equip- 
ment, operating factors and actual cycles without 
considerable overlapping and repetition. To avoid 
this as far as possible, principles of equipment 
and operation as outlined are covered in the first 
section, leaving the second to deal directly with 
These are four, 
and 


the actual processes and cycles. 
carburizing, (b) 
replacement of surface carbon on 
coatings. 


namely, carburizing 
diffusion, (c 
decarburized and (d) 
Throughout, the application of quantitative con- 
siderations will be inferred by the control choices, 


(ai 


bars oxide 
















Fig. 1— Sketch of “Homocarb” Furnace With 
Adaptations for Atmosphere of Natural Gas and 
Carrier or Generator Gas in Any Desired Ratio 





























Natural Gas 


Draft gage with orifice arrang 
Flexible hose 

Raw gas pilot burner 

Vent for effluent gases 

Test plug cap 

Thermocouple tube 
Ore trough seals 

Center post and work basket 

Recirculating fan 

Tee with orifice spud and adapt 








Generator Gas 


























Pressure gage 

Pressure regulator 
Gate valve 

Flo-scope 

Needle valve 

Nozzle for gas analyzer 








Equipment and Methods the thermocouple tube is located in the swing 
cover, directly over the work basket. This coup! 


A conventional vertical retort, electrically and protecting tube should be readily accessil 
heated, is shown diagrammatically in Fig. 1. This for removal, yet the construction should assu! 
retort is sealed at the bottom with an ore trough, a tight seal. Because uniform and accurate t 
and a similar ore seal at the top is common to peratures are of operational importance, as Ww 
both the retort and the removable lid. These as the maintenance of retort pressures, a sim 
seals are capable of holding a moderate pressure construction illustrating the position and asse! 
(a few inches of water) without blowing. Heat bly of the thermocouple tube is given in Fig. - 
is applied through elements mounted outside the The loading characteristics of the charg 
retort, thus being sealed against the supplied determine the optimum heat input at differ 
atmosphere and being incapable of affecting its points of process cycles, as well as indicate t! 
composition (and vice versa). A recirculating correct location of the thermocouple. A © 
fan drives the retort atmosphere around the work venient rating may be made by comparing 
basket, pulling these gases through the charge weight of the actual charge in a given volum 
and out a perforated bottom. symmetrical loading against the weight of a so! 

Since this type of unit needs a rather dense steel bar occupying the identical volume, ® 
loading in the work basket for economical opera- expressing the load density as this percentas 
tion, a differential temperature exists as_ the weight. Thus, in Fig. 3, a load of 600 Ib. per! 
charge is being heated, the higher temperature of vertical height in a 24-in. diameter bas! 
being at the top of the charge. For this reason would represent a load density of 40%, since 
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up! 






















is. 2—Assembly of Thermo- 


uple Well and Protection Tube 













final temperature. 









the control-setting. 






s of the process and charge. 






when the registered temperature 





enters this differential 
This input controller may in turn 
ways to 


range. 






set up in various 





match load and cycle require- 





ments 
The 
bination allows the operator the 





com- 





above-described 







choice of a wide number of time- 





lemperature-load relationships. 

illustrating 

these effects is given in Fig. 4. 
Of the heat treating 


processes to be discussed, three 





1 simple example 












a carrier 
that 
iron, capable of 


lemand gas free from 
oxidizing 


removing 





nstituents are 






r 


adding carbon to steel parts. 





rhe gas chosen for the purpose 





[ this article is by no means the 
mily « 





me commercially available; 
often 






however, its applicability 
with 





ther raw gas additions 





4 large number of processing 
ments makes it almost an 
rier gas, and the elemen- 
t - . . . . 

“ary reactions involved in its gen- 


requir 


ideal 





‘ration afford an easy exposition 
f fur 






imental principles. 
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space occupied by the 


charge is 3.14 cu.ft., 
this volume of steel 


weighs approximately 


1500 Ib., and 600 
1500—0.40 or 40%. 
For close control 


of surface effect, a load 
of this density would 
require that the tem- 
perature, top to bottom 
of charge, be equalized 
well below the final 
(and critical) 
temperature, 


process 


and the 


temperature of the entire mass be brought uniformly up 
For flexibility of heat input control 
relative to the point-temperature measured by the thermo- 
uple, the following method is recommended: The con- 

l-point is set on the recorder-controller at the exact 
process temperature, and a second contact on this recorder 
s set at a pre-determined temperature differential from 
This differential, below control-tem- 
perature, may be varied to suit the particular characteris- 
Some sort of heat input 
ntroller is also necessary; it must be capable of varying 
the percentage of power input, and comes into operation 





In the preparation of this carrier 
gas, a mixture of controlled proportions 
of air and natural gas is delivered to a 
refractory lined chamber at a moderate 
positive pressure by a compressor, where 
complete oxidation of the hydrocarbon 


gas forms carbon dioxide and water 
vapor (CO, and H,O). Nitrogen (N,) 


also exists as a remainder from the air. 
The oxygen supplied by the air is suffi- 
cient to consume all hydrocarbons such 
leave the 
room 


as methane. These 
hot and 
temperature by passing through a water 
spray, thus the vapor 
to saturation or dew point at room tem- 
The gas 


gases 


chamber, are cooled to 


removing water 
perature, approximately 70° F. 
will now be a mixture of CO, and Ng, 
with approximately 2% H,O. It is then 
passed through a retort filled with hot 
charcoal, maintained by external heat at 
a temperature of 1850 to 1900° F. The 
content of the remains 
while the two completely 
satisfied CO, and H,O, are 
re-formed at this high temperature by 
the 
lower 


nitrogen gas 
unchanged, 
oxides, 
with carbon (charcoal), 
forming the 


namely, CO, and hydrogen. 


contact 
oxide of carbon, 


This tem- 













































sity (~ perature (1875° F.) is sufficient for 
almost complete re-forming, so the final 
r— 24° Dia.- - 
OO000O| / Fig. 3—Sketch Showing Method 
O0000 jor of Computing Load Density 
OO0000 S 
O}_s Fig. 4 (Below Sketch of Load, Thermocouple 
Locations and Time-Temperature Curves for 
Heating Cycle of Batch Type Electric Furnace 
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Combustion Chamber— Charcoal Hopper 





~Mixer . 
" Carrier Gas 


é (>) to Unit 


Compressor 
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Condenser — { | Retort 














(Natural Gas 


' HO 
Pressure __ Sie Do) Uy 
Relationship a + ie 
J 
. 


wa 
Atmospheric Pressure 








Fig. 5 — Diagram of Equipment for Generating Carrier 
Gas, and Relative Pressures at Strategic Locations 





composition is approximately 20% CO, 2% H, and 


line ahead of an orifice, 
spud, and the constrye. 
tion is such that the 
spud is easily remoy. 
able for cleaning, ang 
for change when th 
conditions require , 
large increase 

decrease in the amouni 
of gas to be delivered 
This spud is made with 
a hexagonal head, fit. 
ting a standard socket 
wrench, and care js 
taken to simulate , 
thin plate, sharp edged 


orifice to obtain consistent flow coefficients. A 


78% N., with only enough remaining water vapor given size of spud is limited for maximum orific 


to correspond to a dew point of —20° F. or lower. 
To appreciate the character of this carrier obtained if the main 


gas, it is only necessary to note that even when 


diameters, since an abnormal coefficient may 
internal diameter of the 
spud is not at least five times greater than th: 


low percentages of CO, and H,O exist in an orifice diameter. The use of such an adapter 


atmosphere in contact with hot steel, these gases 


makes the spud quite accessible by removing th 


re-form at the expense of the carbon in the steel l-in. pipe plug shown in the sketch, Fig. 6. 


by the identical reaction 





that takes place in the char- 


coal retort. Similarly, the Spud (Hexagonal Heat!) 


so-called pyrolitic decom- 
position of CO with the 
formation of free carbon at 
the elevated temperature of 
the carburizing reaction is 
extremely small, another 
way of saying that the car- 
bon availability of this car- 
rier gas is low, and there is 
little danger that soot will 
form on steel, fixtures or 
retort. The low hydrogen 
content at the same time 
makes the gas quite non-explosive in contact with 
air at relatively low temperatures, thus assuring 





safety in purging periods. 
This generator process for the manufacture 


| --Spot Welded 


/x}x Ye" Standard 


for ACCESS to 
Spud ) 
Fig. 6— Assembly of 
Pipe Tee and Adapter 
For Orifice Spud t 
Control Flow of Gas 





of carrier gas is represented diagrammatically in 


Fig. 5. Since atmosphere processing is vitally The rationale of gas supply for any reactio! 
concerned with the control of gas flow, a sche- process may be simply stated: 
matic representation of the desirable pressures 1. The correct supply for the full demands 


is shown directly below the diagram.. Pressure of the desired reaction 


gages at strategic points are an aid in locating supplied. 


must be continuous! 


sources of trouble in day-by-day operations, 2. No gases capable of causing extraneous 
whenever the relationships between gas flow and and detrimental reactions are to be allowed ™ 


pressure drop deviate from normal. the retort chamber. 


At this point, a simple device for controlling An attempt will now be made to translal 
gases flowing into the work retort will be dis- these axiomatic statements into general operating 


cussed briefly. This control is established by factors. 


means of a pressure regulator inserted in the Of prime importance is the pressure 
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yf the 





mosphere supplied to the work chamber. This 
| re must be greater than atmospheric in all 
narts of the retort to prevent entrainment of the 
urrounding atmosphere. A common error in 
peration is to assume that, when gases are flow- 
ng freely from the vent from the top of the retort 
+ chamber, the latter is filled completely with 
the prepared atmosphere being supplied to it. 


ress 


ann This error is caused by failure to appreciate 
“red. Mot heated gases are much lighter than the 
With & ooler air completely surrounding the unit proper. 
> ft if a pressure no greater than atmospheric is 
chet maintained at the vent, then the pressure drop 


at the lower portions of the retort is allowing a 
fow of contaminating gases through the smallest 
f openings that may exist. The proper sealing 
{the retort, as previously inferred by mention- 
the ore trough and the thermocouple tube 
connection, cannot be neglected, and the area of 
the vent proper must itself be correlated to the 
rate of gas supply. Since the pressure at the 
vent is a function of the vertical height of the 
heated retort, a safe rule for operation is given 
ns 0.1 in. of water column for each foot of retort 
ght; thus a 3-ft. vertical retort should have a 
nimum gas pressure of 0.3 in. of water under 
rating conditions. 
An easy check for the pressure condition 
A draft gage connection as 
las vent construction is shown in Fig. 1. Note 
it ahead of the draft gage, a very small orifice 
inserted, such that the bleeder valve may be left 


uld be provided. 


en, allowing the operator to make an Orsat 
heck of the gas composition without waiting for 
e line to purge. 
lately registers on the draft gage when the pet 


The pressure, of course, imme- 


tock is closed. 
rhe particular rate at which gas is supplied 
relation to the total working volume of the 
‘ort determines what I call a “purge out factor”. 
nee data acquired during the purge, when prop- 





erly analyzed, point directly to the operating con- 
dition of the retort, analyses of gas composition 
during a purge period are of value in directing 
the process control. Perhaps the most significant 
rating is the “half-life” period. This is the 
elapsed time, after any given moment, at which 
the retort gases (as indicated by their composi 
tion) contain 50° of the gas in the retort at the 
start and 50°% of the supplied gas. In othe 
words, the half-life period is the time required to 
evacuate one half of the gas existing in the retort 
at the beginning of the period. Assuming that no 
chemical reactions are taking place, the “mechan- 
ical” half-life may be readily computed for known 
rates of supply and retort volume, and this figure 
is suggested as a sound basis of judgment as to 
the condition of the retort, as will be explained a 
little later. 


period, when gas is recirculated, is given in the 


A general solution for the half-life 


form of a data sheet, 





Computation of Half-Life Period 


oh shown at left. 
The applicability of 





Direct Displacement 
nple 1s Shown for Contrast Only 


Actual, Gas Rearculated 


the half-life concept to a 


purge period may best 





\|t Out 
With Direct Displace 
ment, Change in A 1s 
Proportional to Tota! 
Supply Volume Over 
Retort volume 


- 





sed From Zero Time in Apr 

‘age of Original Volume (=100 When t=O) 
‘OW of Supplied Volume in Cu Ft per Hr 
wacity in Cu Ft 


t Out 


Mixing the Rate of 
Decrease ih A is Propor 
tional to A Itself 


OA=-A Lat 

4 
! GA. Fi 100.,# 
y [a yf” Whence Loge “Fe=+77t 
For Half-Life Period, A-50 


Le 2= +f f . 
t Half-Life = 069+ 


be shown by an actual 


illustration. -In carburiz- 


With Thorough 
ing, it is necessary that 
the CO, content be close 
to zero when the CO 
present is 20% or under; 
otherwise no carbon will 
be added at 1700° F., 
eten if there is a hydro- 
like 


present in the atmos- 


carbon methane 








April, 1945; Page 717 








the retort. Curve B indicates that the uni 





“under-conditioned” for the process for exam. 
ple, by an oxide coating which may easily, | 


reaction, increase the CO, percentage and prolong 


the purge time. Condition C, on the other ha: 
may indicate a clean working chamber, and her 
the reaction between methane and carbon dio) 
is responsible for shortening the purge per 
As may be easily imagined, such data may assis 
the operator’s judgment materially in leading 





close cycle control. 
In computing the mechanical purge, 








"1 


ime. Minutes must be taken to correct gas volumes by the ten. 
perature factor. The purge formula, as giver 
Fig. S'—Purge Out Rate for Different the data sheet on page 717, must really 
Conditions of Retort — Half-Life: 5 Min. adjusted to temperature thus: 


, 








t 0.69 k 

t Half-life period in min. 

F = Flow of supplied gas in cu.ft. per | 
V Retort volume in cu.ft. 


phere. On breaking the cover seal to charge a where 
new load at the beginning of the cycle, the retort 
fills with air, and on resealing and applying the 
Temperature factor 


customary carrier gas and natural gas supply, a 
Temperature of supply gas in °F. 


quick Orsat check may indicate, say, 10% CQs:. 
For a half-life value of 5 min., the CO, check with Temperature of retort gas in “°F 
a mechanical purge should show 5% after the Therefore the higher the temperature of 
first 5-min. interval, since the supplied gas con- process (retort at the given time), the lower is 
tains no CO... Similarly the 10-min. interval purge time for a given flow-volume relations! 
would give 2.5% CQO,, the analysis after 15 min. Transition points in some processes, wi 
would be 1.25% CO., and so on until after 30 min. a change in atmosphere composition is requil 
the CO, would be reduced nearly to zero. at some particular level of temperature, or afle 
The illustration above assumes no chemical some particular elapsed time, may also dep 
reaction with the retort or its contents. The actual on the purge factors for an accurate contr 
check on the gas analyses during the purging the transition interval. Examples of this co! 


period may vary greatly, tion, as well as of tf 





and in either direction other common operal 
1250 
factors, may be note 








from the expectation for 
ideal conditions, and the following secti 
this deviation is valu- process cycles. 


able in determining the 


JO00 
degree of “conditioning” Process Cycles 
in the work retort. To , 
demonstrate this condi- Applications ol 
tioning factor, the 
mechanical purge for a 
5-min. half-life is indi- 
cated by the middle 
curve A of Fig. 8, repre- 


general control prin 
briefly outlined will 
be described for a 
specific atmosphere p! 


Available Carbon of Natura/ Gos 
Ny 
& 


Rz 
atio Available Garbon of 20% CE benerator Gas 


esses. By employing 





senting variation of CO, same type of he 
content of the retort’s 


atmosphere with time. 








0 equipment and iden! 
1600 1650 1700 principles in the « 
Curves of the type Temperature, F methods, the demar 
B and C, obtained with individual p! 
Fig. 9-— Methane Has Over 1000 Times 
as Much Available Carbon as the 
Carrier Gas in the Carburizing Range. 
“Available Carbon” is defined in 
the article for January 1945, p. 88 








conditions of gas flow, requirements s! 
load and temperature 
identical to the standard 


A graph, are a function 


illustrate by cont 
role of gas re: 
obtaining desir 


of the prior history of effects on steel 
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S] P SI} great amount of free carbon 
Shop Process Sheet can be deposited. At the same 


OPERATION : CARBURIZING ACCESSORY Drive Siar time. conditions of pressure and 


Steel: S.A.E. 4620; Case: 0.040 to 0.044 in. Weight of part: 6 ib. purge-out, as already indicated, 
must be met if detrimental reac- 


LoAp (MAx.) Lz. “™~ “™ 

97 er - l Ss are we ¢ j ~<a. 
[rays (M-2709) at 35 Ib. 70 | tions are to be avoided. In 
Spacers (M-2951) at 20 Ib. 40 "i ’ order to control these condi- 


Base & Post (M-2952) 138 \ tions and reactions, a dual gas 











Shell (M-2953) 110 is indicated that is to say, a 
Fixture weight: 358 lean carrier gas plus a carbona- 
{ts 2 layers at 70 pieces ceous gas. 


or 140 at 6 Ib. 540 The function of the carrier 








fotal weight (fixture + gas, then, is not to supply car- 


load) 1198 . 
id bon. Rather, a gas incapable 



































OPERATION Data of sooting in the carburizing 











Recorder at 1650° F.; Con- , range, and containing no oxidiz- 





troller operating from 1500°F. . A ing or decarburizing compo- 
te 1650' F 


Madi nents, can be used to best 
50 cu.ft. per hr. Drycolene; 




















advantage in maintaining ade- 
SS Load Uniformly quate pressure and purge 
requirements, since the supply- 
7ime -Tempereture Cycle ing of carbon to the steel and 
its rate of flow have no connec- 
tion. Therefore the flow of this 


Minimum furnace pressure 
0.30 in. HO. 





gas can be maintained at a con- 
stant rate, and this optimum 
rate will be a function of the 


— 


4Hr 30 Min 





& Hr 15 Min equipment demands, rather 
than of the requirements of the 





TIME . . : of “HEC > ‘ar ‘izing cvecle. 
Demaenes | eet F. |Nat.Gast| % | CHECK PoWER carburizing cycle 
HouRS CO, PLuG CASI INPUT The “carbon supply” 


: medium, natural gas, in con- 
Charge 0) 10to13 10% 5 ; 


' . 1.25 to 1500 to 
Check COs) | 3 99 1650 


Ist test 5.75 1650 0 0.034 in. 0 carbon will be a function of the 
Pull 7.50 1500 0 0.040 to 0.044 0 “prior history” of both the 
retort chamber, in its condition- 


trast, will be supplied at a vari- 
10 to 13 10% able rate, since the demand for 











*Cu.ft. per hr. leave fan on when test plug 
Notes: CO, must be 0.0% shows 0.034 in. case. (This marks 
before carburizing starts. If CO, beginning of diffusion cycle.) 
is high, continue checks and note Pull test plug at 1500° F.; 
time when CO, is less than 0.2%. it should have 0.040 in. case or From the reaction stand- 
Shut off control switch and more. point the carrier gas will be 


ing, and the work load. 
A comparison of these two 


gases is in order. 








taken simply as a mixture of 
gases whose CO content is 20%, 
Carburizing — The supply of carbon to the while the reactive supply gas will be considered 
feel surface from a gaseous system parallels as pure methane, CH,, since that is the principal 
Sely its ability to decompose, as demonstrated constituent of natural gas. On this basis, a com- 
the familiar formation of soot. In other parison is shown in Fig. 9, of the relative strength 
tds, a earbon-bearing gas that soots readily of these two media in the normal carburizing 
the carburizing temperature range will as range, 1600 to 1700° F. From this curve it appears 
tadily furnish carbon to the steel surface, while that at 1650° F. the available carbon for 1 cu.ft. 
Stable gas will furnish carbon for neither reac- of natural gas is equal to that of 800 cu.ft. of 
will neither soot nor carburize. The carrier gas. The relative strength of these two 

is one of supplying sufficient carbon to supply media, in terms of a normal flow of car- 

he steel surface exposed, since the steel rier gas to the retort furnace described earlier 

is a limiting factor, and to also restrict say 50 cu.ft. per hr.), indicates that a supply of 

Ss supply of gas to the degree that no 50—&00 or 0.06 cu.ft. per hr. of natural gas flow 
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would supply as much carbon to the steel as the 
carrier gas. From this consideration, it may be 
surmised that the ideal carrier gas should contain 
no trace of methane. 

A shop process sheet is shown on page 719 
which includes applications of these principles as 
applied to a typical production operation. Here, 
a 6-lb. shaft, protected in part with copper plate, 
is to be carburized to a depth of 0.040 to 0.044 in., 
and these shafts must be slowly cooled after car- 
burizing, without loss of surface carbon. No 
metal-to-metal contact is allowable, so 140 of 
these shafts are suspended vertically on suitable 
fixtures so that the surfaces to be carburized are 


Immediately after charging and sealing the 
cover carefully, the power is turned on (72 ky 
as well as the carrier gas (50 cu.ft. per hr.) ang 
the natural gas (12 cu.ft. per hr.). To protege 
the copper plate from oxidation, the CO, conten 
in the retort atmosphere must be reduced quickly 
before even a moderate temperature is reached 
The purge factor, with a half-life period of les 
than The temperature 
recorder setting is 1650° F. and at 1500° F. 
150° F. below the control point — the input con. 
troller automatically reduces the power to th 
controller setting, in this case 40% or 29 ky 
Thus, the entire charge reaches a uniform tem. 


5 min., attends to this. 
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Fig. 10 (Left) — Gradients for a Carburizing Run Followed by a Somewhat Longer Diffusion Tim 


Fig. 11 — Carbon-Penetration Gradients for Various Ratios of Diffusion 


Vs. Carburizing Time 





exposed to the atmosphere gases. The charge 
includes 840 Ib. of stock, and 358 Ib. of fixture and 
container, a total of 1198 lb. Since the container 
is 20 in. round by 36 in. high, the load density is 
30%, a good value for this type of process. 

A standard test plug, *s in. round, of S.A.F. 
1020, is removed through the test plug cap at the 
time noted, held until the temperature reaches 
approximately 1450° F., then quenched in water. 
This bar is fractured, ground, and given a 10-sec. 
nitric acid solution, and the total 
This 
reading checks well with case depth as defined in 
This check takes 


etch in a 50% 
darkened area is read with a Brinell glass. 


previous articles in this series. 
about 4 min. total time. 


perature before the carburizing rate is importa! 
Before the charge reaches the control p 
1650° F., an Orsat gas analysis fur CO, shoud! 
made, and this reading should approach 7 
Since a zero CO, reading with an ample su| 
of CH, insures normal carburizing, this check * 
a safety precaution on operational procedur 
test plug is removed 5 hr. and 45 min. 4! 
charging, quenched and broken to check the | 
It is found to be 0.006 in. less than the requ! 
case; the power switch is then pulled und & 
natural gas flow is stopped, allowing a siow 
of 2 hr. to reach 1500° F., with the carrier 8° 
diffusion treatment insu 


s 


This slight 


against high carbon content at the surifac 
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Log of Carburizing-Diffusion Runs (Fig. 12) 
Constant flow of 55 cu.ft. per hr. of generator gas 
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Fig. 12 — Carbon-Penetration Gradients After 
Test Runs and a Commercial Run to Restore 
Carbon to Decarburized Plate of NE 9262 Steel 
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tively high. As the ratio of diffusion to 


(Temperature con- carburizing increases, with the idea of 
1650 ‘troller set at lowering the surface concentration and 
= |1625° F. of obtaining, at the same time, exact 
cen . : ns et ane gradients of a predictable nature, care 

must be taken that the absorption of 


| 
methane in soot deposits does not carry 











*Cu.ft. per hr. +Pressure, psi. 
over into the diffusion period. Periodic 
minimize grinding checks) while the low temper- Orsat analyses for CO, gas during the purging 
ature of 1500° F. at discharge allows the work to period (during which time a moderate amount of 
be slowly cooled without danger of undue surface natural gas is added to the carrier gas) should 
lecarburization. It will be noted that this cycle follow closely the form of the mechanical purge 
conforms to the case depth chart (Table V of the shown as curve A in Fig. 8. Care is also taken, 
article in August 1943, p. 271), and this procedure during the carburizing period, to throttle the flow 
will obtain uniformity of cycle times, as well as of natural gas as the demand for carbon lowers, 
' product, throughout the charge. in order to avoid an over-conditioning effect dur- 
ing this period. 
Carburizing and Diffusion Figure 10 shows the gradient. for a carbon 
concentration bar after the carburizing period as 
When the diffusion time of the process is of well as the final gradient form. In Fig. 11 is 
‘onger duration than the time of carburizing, the shown a group of final gradients, for different 
initial conditioning of the retort should be care- times of carburizing from long to short and 
lully checked before attempting the process. For various ratios of diffusion to carburizing times. 
the straight carburizing process, with a moderate These examples are to illustrate the greater care 
lifusion eyele as noted above, an over-condi- necessary when consistent modifications from a 
‘tioned unit may be safely employed, since the normal gradient are desired. Throughout, the 
Suri carbon concentration is maintained rela- consistency of case depth-time results obtained 
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will be noted. Regardless of diffusion time, total 
case depth follows the case depth chart (given in 
Metal Progress for last August) for the total time 
of carburizing plus diffusion. 


Carbon Recovery 
on Decarburized Surfaces 


A good illustration of the carbon recovery 
problem is given in a test on a group of NE9262 
bars and plates, where in consecutive periods the 
pieces are decarburized without scaling, carbon 
is next added with a steep gradient from the 
surface, and lastly this gradient is leveled by 
diffusion to conform to the correct carbon con- 
centration of the heat of steel. These graphs of 
Fig. 12, page 721, are obtained by removing and 
studying consecutive bars at the end of each cycle 
or period of heat treatment. 

In the first portion, steam is added to the 
carrier gas to maintain the decarburizing atmos- 
phere, and the adaptability of this carrier gas will 
be further demonstrated if it is noted that when 
steam is replaced by methane the CO, drops from 
2.2% (a decarburizing atmosphere) to 0.1% (a 
carburizing atmosphere) in a period of 15 min., 
as shown in the log sheet at left of Fig. 12. 

The results of the test runs are shown by 
curves A and B. Figure 12 also shows (curve 
C) the results of a commercial run in which a 
decarburized bar from the test run is included 
with a load of NE9260 stock that had a decar- 
burized surface very similar in character to the 
test bar. It is seen that the commercial run 
checks quite closely with the test run (except of 
course that no preliminary decarburizing period 
is maintained) both in the log sheets and the final 
carbon gradients obtained. 

In such corrective heat treatments the retort 
atmosphere must be closely checked during the 
individual purge period after loading, if time and 
rate of natural gas supply are to be properly 
estimated for the carbon addition period. This is 
particularly true when the initial carbon concen- 
tration at the surface of the decarburized bars is 
low, and when the depth of decarburization is 
relatively great. This is shown on a recovery 
run for “Nitralloy G”, where the thickness of the 
decarburized zone is about 0.070 in. (See Fig. 13.) 
Here, by throttling the natural gas supply during 
a portion of the purge period, a condition simulat- 
ing somewhat the test bar run previously shown 
in Fig. 12 is attained, since the CO, is decreased 
slowly during this early part of the run. This 
insures, to a degree, that the retort is not over- 
conditioned, and allows a closer control of the 


carbon added. 
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‘arbon Restoration in Nitralloy G Bars (Fig. }3) 
Constant flow of 90 cu.ft. per hr. of carrier gas 
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Fig. 13 — Carbon-Penetration Gradients of 
Decarburized Nitralloy Steel as Received 
and After Corrective Heat Treatment 





Oxide Coatings 


The production of a tight black oxide coating 


on cast iron or steel parts at temperatures und 


Dd 


1150° F. provides a good illustration of the du 


possibility of analyzing the chemical reaction 


between gas and steel surface, and controlling t! 


necessary heat treatment cycle. This oxidizing 


operation will be described, briefly. 


The desired oxides are FeO and Fe.Q,, 


the problem is to prevent the formation of Fe,' 


or red rust. The rusting of bright steel parts 


room temperature is a familiar reaction, in w! 


water (in the liquid form) on the steel su 


reacts, in contact with 


alr, 


rf 


with iron to ! 


ferric hydroxide, which decomposes according 


the following chemical 
undesirable oxide: 
2Fe(OH), 


) 


reaction to form 


Fe.O, 


3H,O 





Jemperature 








of 
ed 


nt 





Not so well appreciated is a reaction in the 
vapor phase, written as 

H,O=—OH-4 eH, (2) 
which competes with the common reaction show- 


ng the decomposition of water vapor as the 
temperature rises: 
H.O—H,+ %0O, (3) 


Reaction (3) is much faster than reaction 
2), and at temperatures above about 900° F. the 
xide Fe,0, (which oxide up to 
1050° F.) is readily formed, providing no air is 
present in the steam atmosphere to furnish some 
: It will be noted that no appreciable 
amount 


that is, 


is the stable 


xygen, Or. 


mount of O, is available above the 


necessary for the formation of oxide 
the O 
and resulting from the decomposition of steam is 


in the gaseous form as found in the retort 


always extremely small. Above a temperature of 


800° F. reaction (2), or decomposition to the 
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hydroxyl radical, possesses sufficient energy so 
that, with an appreciable O, content, a chain reac- 
iron 


tion with free (uncoated) promotes the 


lormation of ferric hydroxide, which breaks down 


lo ferric oxide as in reaction (1). This reaction 
is very fast. Once the black oxide has been 
lormed so that the free iron surface is not 


exposed, this reaction no longer can go forward, 
and an excess supply of oxygen does no harm to 
the coating, nor will it change the process rate. 

The demands of the heating cycle during 
the so-called Ferrox process are, therefore: 
lEMPERATURE RANGI 

or STOCK 
70° to 212° F. Dry air, no HO 
-12°to 800° F. Any mixture of air and steam 

for any time period 
H.O vapor, no air 

Air; the coating is the protec- 
tion 


ATMOSPHERE 


S00” to 1100° F. 
{ ling to room 
emperature 

‘he operating cycle in production follows: 
rhe recorder controller is set at the control 


‘“mperature, 1100° F. The input controller range, 


beginning 425° F. below the control point setting, 
$0 to 1100° F. 


Before removing the processed 
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load, the input controller (automatic in this case) 
is set at zero power input, and the controller 
switch is turned to the “Off” position, discontinu- 
ing the automatic feature which controls the 
input setting. Steam is also interrupted. 

On removing the hot load, the fresh charge 
(with parts free from water) is inserted, and the 


flow 


cover replaced but only lightly sealed. The heavy 
charge lowers the retort temperature until the 
thermocouple reaches 675° F., and this tempera- 
ture indication is held for 10 min. to insure that 
all parts of the load are well above 212° F. The 
steam flow (half-life under 2 min.) is then 
started, the cover is now tightly sealed, and the 
power input controller switched on. The input 
increases slowly, so that 15 min. have elapsed 
before any part of the load may reach 800° F. By 
this time the retort is completely purged of air by 
the steam flow. Hold for 20 min. after reaching 
1100° F. and the cycle is completed. 


turned off. The time-temperature graph, 


Steam is 
then 
Fig. 14, is illustrative. 


Summary 


This is the fifth and last in a series of articles 
dealing principally with the supplying of carbon 
to steel surfaces. The first 
with quantitative deductions featuring the 
demand characteristics of the product, and the 


four are concerned 


supply properties of gaseous media. The present 
paper suggests the manner of correlating this 
supply and demand under conditions of commer- 
cial practice. 

The concentration-depth graphs, shown fre- 
quently throughout, have been obtained with 
production equipment and facilities. All tests 
concerned with fundamental data, illustrated in 
the first three of the under 
conditions of load and operation chosen to insure 


series, were made 
quite exact reproducibility; those in this latest 
presentation of commercial applications are of 
course examples of commercial control. 

A few references are given where the data 
or methods noted are used directly in the text. 
In general, the attempt has been to interpret the 
data rather than to review the Per- 
haps, for contrast, more examples of reactions 


literature. 


which interfere with the direct or quantitative 


control of concentration would have 


been illuminating. 
tion at low temperatures as influenced by 


gradients 
For example, the oxide reac- 


excessive quantities of free oxygen (described 


immediately above) affords a visual proof of 


extraneous influence, and this same hydroxide 
reaction often explains abnormal results in the 
practice of carburizing. rs) 
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A PROPOSED 





MATCHED SET 
OF STEELS 








** 7 
W E ARE IN the predicament 


that our facts have outstripped our knowledge 
and are now encumbering its march. The pub- 
lications of our scientific institutions overflow 
with minute and countless details which perplex 
the judgment and which no memory can retain. 
In vain do we demand that they should be gen- 
eralized and reduced into order. Instead of that, 
the heap continues to swell. We want ideas and 
we get more facts. We hear constantly of what 
Nature is doing, but we rarely hear what man is 
thinking. Owing to the indefatigable industry 
of this and the preceding century, we are in pos- 
session of a huge and incoherent mass of observa- 
tions which have been stored up with great care, 
but which, until they are connected by some 
presiding idea, will be utterly useless.” 

This could well be the plaint of a materials 
engineer, today laboring to find the best material 
to put into a given machine part. As a matter of 
fact, it is a quotation from Buckle’s “History of 
Civilization in England”, written about 1850. 

A large proportion of the needs of steel con- 
sumers could be satisfied with no more than six- 
teen different compositions, as proposed in the 
large table on page 726. This includes not only 
the common structural and machinery grades, 
but also the so-called toolsteels and stainless. 

An article on “Steel Simplification” recently 
compiled and published by G. W. Birdsall in Steel 
for April 24, 1944, explains the urgent need for 
simplification, and indicates the benefits which 
would result. F. R. Palmer of Carpenter Steel 
Co., who has done so much to clarify the toolsteel 





By J. E. Erb 
Works Laborator 
General Electric ( 
Schenectady, N 





situation, has (perhaps without intending t 
provided the presiding idea for the table now t 
be presented. 

In the opinion of the writer, simplificati 
of the proper sort would result not only in enor- 
mous economies for American industry but als 
in improved quality of product. However, it is 
not the purpose of this article to enlarge upon th 
need for simplification nor its benefits, but rather 
to set forth a concrete, definite proposition in th 
hope of provoking discussion and more impo! 
tant concerted action by makers and users | 
the benefit of all. 

Therefore it seems desirable, first of all, | 
establish the background of this proposal by 
sketching briefly the natural evolution of ! 
present situation, as we see it. 

Development of Alloy Steels 
more ago practically all steels were of the plail 


Fifty years 


non-alloy) variety, graded according to carbon 

content or “temper”. These served their purpos 
very well, and, in many respects, still do. The) 
are represenied in the large table by the firs 
vertical column on the left. 

The increase in size and power of machin 
made it necessary to obtain properties in lars 
sections beyond the capacity of the plain carb 
steels. In the opposite direction, the demand !0! 
higher speeds and lighter weight called for pro} 
erties which the carbon steels could easily ha 
met had it been possible to water-quench the! 
without excessive rejections of parts cracked 
warped out of shape. Hence the demand 


hardening or air hardening steels. Out of all this 
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»» in two words 
ipplic d. 


a point which will be discussed later on. 

From another direction came the demand 

for better manufacturing characteristics, such 

as better machinability or better ductility 

drawability). This gave rise to the free cut- 

ting steels and the deep drawing steels, which 
are lumped together in Column III. 

Another improvement was in the direc- 
tion of longer life—that is, resistance to 
abrasion and corrosion, both of which are 
losely related. High speed toolsteel is, in 
effect, a long-lived steel, since it will last 
nger than carbon steel when cutting at the 
same speed, or work faster for equal life. 
Cemented carbides and the various cast tool 
loys and hard-facing materials may also be 
nsidered to be in the category of Column IV. 

Column V comprises the steels which 
ruly resist corrosion, and might be extended 
to include the heat resisting steels and alloys, 
since they are very much the same. 

So we have at a glance the general steel 
situation which, to the writer at least, presents 
iis true perspective. 
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rew the vast conglomeration of alloys we 
have today. The legitimate purpose of the 
steels of Column II can therefore be summed 
hardenability and quality. 

The meaning and control of hardenabil- 
ity have gradually come to be understood and 
However, the interpretation and 
mportance of quality are not so well founded. 
this has operated to retard standardization 
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Fig. 1 — Relation of Carbon in Plain or Alloy Steel 
to the Maximum Hardness Attainable by Quenching 





Fundamental Relationships 


Alloy Vs. Carbon— The commercial separation 
of steels into “alloy” and “carbon” has done much to 
confuse the fundamental issue. The alloys extend 
and supplement the carbon steels in a continuous 
manner, as shown by the large table on page 726. 
Therefore, there should be no sharp separation 
between them, for carbon is, after all, the predomi 
nant alloying element in steel. More than any other, 
it controls hardness, strength, and other properties. 
First, the maximum (potential) hardness obtainable 
by quenching depends solely upon carbon and not 
Next, the tensile 
strength, fatigue strength, and even the elastic limits 


upon alloy content (see Fig. 1). 


are largely functions of hardness and therefore 
carbon content as depicted by Fig. 2. 

The latter idea was advanced, with ample sup- 
porting evidence, over 20 years ago by E. J. Janitzky, 
and is elaborated in the 1939 edition of @ Metals 
Handbook, pages 515 to 518. Some readers will con 
tend that the relationships shown by this diagram 
are only approximate, but how often in practice does 
the engineer know the actual stresses with greater 
precision? 

So we can say that carbon occupies the primary, 
and the other alloys a secondary, or supplementary, 
place in the general map of steels. 

Quality; Cleanliness and Fine Grain One of the 
main causes of the present situation is that users 
have, for one reason or another, turned to the use of 
panaceas in the form of new alloy combinations 
instead of seeking that particular and definite quality 
which is what they really need. 

Disregarding the more obvious defects such as 
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A Proposed “Matched Set” of Steels 
By J. E. Erb. with acknowledgments to Frank R. Palmer 


Figures represent minimum fracture grain size; if in parentheses, the 


































































































desired grain size; otherwise fracture grain size is not specified. te 
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N 0.80/0.86 | 0.60/0.90) 0.40/0.60 0.025 max.'0.020 max.) 16.0/18.0 | 1.40/1.60 0.90/1.10 | 4.80/0.2' ton 
O 0.09/0.15 | 0.60/0.90 | 0.40/0.60 0.025 max.i0.020 max.! 11.5/13.5 hi 
P 0.09/0.15 | 0.60/0.90 | 0.40/0.60 (0.025 max.0.020 max.) 18.0/20.0 | 8.0/10.0 5 
els 
igh s 
. : E : imila 
pipe, seams, and thermal cracks, cleanliness and inclusions will be no more characteristic ¥ 
grain size are the most important characteristics inherent in steels of the proposed analyses tha , 
A z . P Cular 
in those steels which are to be hardened or which of any others, and, therefore, this factor show I<? 
. » . S - Bre F with 
are to take a high finish. not stand in the way of simplification. y 
. . . . »: . \ 
In regard to size and character of inclusions, With regard to grain size, the issue is ™ 54 
there seems to be fairly general (but not coordi- cleanly cut: the 
. thor 
nated) agreement as to what can be tolerated and The importance of a fine fracture is an “H™, , 
what cannot -—— although much still remains to be story to heat treaters and those engaged in ™ ald 
4 > . . » » 7 * . ie ’ f 
learned in this respect. At any rate, we believe it manufacture of tools and hardened parts !2 § actu 
will be pretty generally conceded that harmful eral. This is especially emphasized by F.! she 
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in his book entitled “Tool Steel Simpli- 
a”. Engineers and even metallurgists, how- 
er, unless they happen to have had first-hand 
verience (and far too few have had) do not 





oem to realize the dangers to most applications 





svolved by using steels with coarse grain. Qual- 
wy of toolsteels has been judged time 
»memorial by observing the character of the 





since 






form grinding cracks. 










Effect of Fracture Grain Size on Trans- 
verse Strength in Bending and Charpy Test on 
Unnotched Bar, “4x%,x2 In., of 1% High Car- 
bon Toolsteel, Hardened to Rockwell C-64 




















D . Transverse Tests of Beam — 
- |_| in Bending (Read Left) 






Charpy Tests on 
Unnotched Bar 
Read Right); ~\~) 

















2 4 & 8 JO 
Fracture Grain Size 





Foot- Pounds 


Figure 4 shows how coarse grain increases 


cracking of carbon toolsteel during quenching. 
The samples in this study must have been of an 
easy-hardening design, or the curve would have 
been displaced toward the‘ right. 


Coarse grain also increases the tendency to 
In fact, below No. 5 frac- 


ture the grains may spall out bodily, giving a 


pock-marked appearance to the surface. Fine 
grained chisel steels (No. 9 to 10) will develop 
a tensile strength of 350,000 psi. with 6% elon- 
gation and 16% reduction at Rockwell C-60 
(700 Brinell), but when the fracture is only 
No. 7 to 8 the steel breaks “short”, with less 
than 200,000 psi. tensile strength. 

Having tested practically every type of 
toolsteel made here and in Europe, we are safe 
in saying that fine grain is more important 

than type of alloy combination, as far as 
strength and toughness are concerned. 
Some years ago, the writer had occasion 
to investigate the failure of some ring gears 
made of S.A.E. 4140 and 4340 steel which 
had broken during assembly. Samples were 
cut from the pieces and the properties were 
as shown in Table |. Comparison values are 


shown for a similar composition, except 
















racture after quenching. About 20 years ago a 

f fracture standards for grain size, ranging 
rom No. 1 (coarse) to No. 10 (fine) was devised 
n Sweden by R. Arpi; B. F. Shepherd in America 
has done the same thing and stereoscopic photo- 
fraphs of his fracture standards have been pub- 
ished in Metal Progress for October 1943, page 
‘4, and reproduced as Data Sheet No. 45 in the 
ollected set. Austenitic grain size, determined 
nder the microscope, has also been standardized 
y the American Society for Testing Materials. 






Coming back again to the fracture grain size 
olsteel, many unnotched bar tests in a Charpy 
tachine on carbon and carbon-vanadium tool- 
The results for 
igh speed steel are practically identical. In fact, 
Imilar curves could be drawn for almost any 
nd of steel which is hardened. 
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Lee 





‘ls are summarized in Fig. 3. 







Note in par- 





cular how the steel really begins to “pay divi- 
ends” only above No. 9 fracture. 

Yet how many of the present day A.15S.L., NE, 
S.A, ] 


ithout 






steels meet this simple requirement 
paying a sizable extra for specified grain 
If this situation were remedied, consumers 







Ze 






uld seldom be compelled to harden No. 5 or 6 
“ure steels (as they are today) and take the 


| sses involv ed. 
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Pig. 4 — Grain Size of 1% Carbon Toolsteel 


Vs. Liability of Quenching Cracks. (R. 
Arpi; see Metal Progress, June 1931, p. 88) 





guarantee fine fracture. 
we ever examined contained vanadium. On the 
other hand, the steels with the finest fracture 


that it contained vanadium and was fine grained. 


The mere presence of vanadium will not 


Some of the worst steel 


(No. 9 or 10) and highest properties always con- 
tained vanadium; hence the conclusion is that 
vanadium makes good steel better. 


General Vs. Special Purpose Steels ——A gen- 


eral purpose steel is one which is suitable for a 
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Table I — Tests on Ring Gears of Three Steels 


I know of one company which has as 





No. 5 
C-51 
244,000 psi. 
208,500 psi. 
40% 

5 ft-lb. 


No. 4 
C-48 to 49 
226,000 psi. 
170,500 psi. 
36% 
2.5 ft-lb. 


Fracture number 
Rockwell hardness 
Tensile strength 
Elastic limit 
Reduction of area 
Charpy notched bar 





S.A.E.4140 | S.A.E.4340 | Cr-Mo-Va 


No. 9 to 10 
C-54 
288,000 psi. 
253,000 psi. 
63% 

16 ft-lb. 


many as 18 separate specifications for wha 
is essentially S.A.E.1025, each with jj 
slight variant of analysis. One was fo; 
castings, one for forging billets, anothe; 
for forgings, one for bar and rod, two for 
wire, one each for structural shapes, wire 
rod, clamping rings, rivets, staybolts, ang 
welding rods, and five for plate! This list 








wide and diverse field of application. In lines of 
manufacture where mass production is not the 
rule (and there are many such) its availability 
would be more important than, say, a small dif- 
ferential in price. 

Furthermore it that, 
times, a special purpose steel may exceed a gen- 
For example, 


seems conceivable at 
eral purpose in tonnage demand. 
say that there is a small part which is to be made 
in great quantities from steel of the class identi- 
fied as Steel D in the matched set (page 726). 
This steel probably has more hardenability than 
the particular part would require, and therefore 
the user may find it economical to “shave” the 
alloy content, since he will take whole heats at 
one time. This, however, does not change the 
fundamental argument for simplification. 

The trouble has been that too many steels of 
limited application have found their way into the 
S.A.E. specifications and other published lists. 
So they are given the stamp (unintentionally it 
may be) of official approval as general purpose 
materials. Such specialties should be confined 
to a private arrangement between user 
and seller. There is no objection to list- 
ing all sorts of steels in advertising litera- 


does not include others which may haye 
been issued by the scattered subsidiary works 
and plants; these may have numbered many 
more. Yet all these parts could have been made 
as well (and with improvement in most cases 
with steel of the chemical composition used for 
castings. 

Why should we have specifications for 
“spring” steel, when the same analysis which is 
good for springs (such as Steel B in the matched 
set) is good for many other uses? 

Even the plainest and mildest of the steel 

or commercially pure iron, for that matter) can 
be strengthened enormously by cold plastic work. 
ing, a fact made evident by the few simple calev- 
lations in Table II, from tensile tests of 
annealed specimens in all cases. In this tabule 
tion the “true” tensile strength is based upon the 
It is computed by 


made 


necked-down area at fracture. 
dividing the “ultimate” tensile strength figured 
on the original area of the test specimen by the 
necked-down area. This figure may be taken a 
the theoretical maximum _ which 
approached, but not attained, by cold drawing 


, 


may he 


Table Il — True Tensile Strength of Plain Carbon Steel 





ture, but it is senseless to clutter up the 
handbooks and official lists with every 
analysis that is made — at 
wish to achieve simplification. 
Specification by Form— One of the 
most pernicious practices in the whole 
steel that 


least, if we 


business has been of issuing 





“Ultimate” strength 
Reduction of area 
Relative area of ) 
reduced section ; 
at time of fracture | 
“True” tensile strength 


1095 


1020 


1040 


|INcot IRON 


87,000 | 105,00 


0.52 


64,000 
0.60 


$0,000 
0.71 


0.29 0.40 0.48 


138,000 160,000 |181,000 | 198,000 








specifications according to some commer- 

cial form, condition, or finish, rather than 

by chemical analysis. After all, the chemical 
composition is the most basic and fundamental 
characteristic of any substance; it does not by 
itself determine all the properties, but it is the 
most important single thing that does. 

Forging, welding, brazing, heat treatment, 
and other working procedures are pretty much 
the same for any given steel analysis, regardless 
of whether it is in the form of forgings, castings, 
bars, or tube. Why, then, should we write sepa- 
rate specifications for each? Truly this is confus- 
ing the form with the substance. 


Similar calculations for alloy steels sho 
values as high as 300,000 psi. for the “true” te 
sile strength. Nickei and manganese seem Pp 
ticularly effective strengtheners of alloy steel alte 
cold work. 

Therefore, in conclusion, if we consider 
overlapping properties obtainable by heat trea 
ment or cold working, the steels listed ought! 
satisfy most of the requirements of any 
sumer, regardless of how large or diversified, ™ 
do it much better and more simply than * 
being done today. 
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This 74-foot Giant has a working stroke 
of 10 feet. 

Pivotally supported rams enable it to 
deliver, without sway, the full 14,000 
ton pressure at 6 feet off center. 


Columns of Nickel alloy steel guide 
this tremendous force. Each column is 
66 feet long and 34 inches in diameter, 
forged and heat treated to assure a mini- 
mum yield point in tension of 60,000 


 THEINTERNATIONAL NICKEL COMPANY, INC. 
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UNITEO 


Nickel Steel columns guide 14,000 tons to work 


p.s.i. with 18% elongation. 

These columns exemplify the strength 
and toughness that Nickel imparts to 
alloy steel forgings of large cross-section. 

The press, a product of United En- 
gineering and Foundry Company, rep- 
resents a notable engineering and pro- 
duction achievement. It is now turning 
out gun barrels, ship shafts and other 
heavy forgings. 








67 WALL STREET 
NEW YORK 5, N.Y. 















Preeautions in Handling Cyanide 


With Notes on First Aid 


COMMERCIAL 


\ ANY PREPARATIONS 
+ contain poisonous cyanide as an essential if not the principal ingredient. Their 


Data Sheet by E. F. Houghton & Co. 


for use in the heat treatment of steel 


use is perfectly safe if simple precautions are taken, and has been so widespread 
that all heat treaters with any considerable background of experience are well 


acquainted with them, and recognize the hazards and how to avoid them. 


New- 


comers in industry, however, must be properly and promptly instructed, in no uncer- 
tain terms; such instructions should be repeated until the supervisor is certain the 
workmen understand the dangers and how to avoid them. 


Rules for Handling Salts 


i. Use scoop and dry cotton gloves. 
2. Do not handle cyanide if you have any broken 
skin or open wounds on hands or wrists. 

3. Wash hands thoroughly after handling. 

14. Keep the container covered when in storage. 

5. Open the container only in the room or build- 
ing in which the cyanide compound is used. 

6. Keep cyanide salts away from acid. 
in the presence of even the weakest acid will liberate 
the deadly gas known as hydrocyanic acid. 

7. Food should not be stored, handled or eaten 
in the vicinity of cyanide mixtures. 

8. Wear rubber gloves when operating the bath 
or handling articles which have passed through it. 

9. In case any irritation of the skin develops as 
a result of handling cyanide, consult a physician 
immediately. 

10. Burns from molten cyanide salt mixtures are 
treated as any burns caused by alkalies. Wash the 
area thoroughly with warm water to remove chem- 
icals; then treat as any burn. If the burn is at all 
severe, see the doctor immediately. 


Cyanide 


Operating the Salt Bath 


While not to be considered as a complete manual, 
observance of the seven suggestions below will avoid 
the common dangers to personnel operating salt baths. 

l. Do not mix a compound containing 
cyanide with one containing nitrates or nitrites, 
or put one in a container which has been used 
for the other. Violent reaction and possible 
explosions result from such mixtures. Mate- 
rial treated in a bath of one sort should not be 
processed in a bath of the other until it has 
been thoroughly cleaned. Containers of the 
original salts are properly labeled sosuch mixing 
can be avoided. In case of doubt, don’t mix. 
2. Keep asbestos gloves always at hand. 

3. Wear safety goggles or face mask 
operating the bath. 

4. Hoods and stacks are advisable for salt baths. 

5. All work must be thoroughly dry before intro- 
duction, or splattering may result. 

6. When bailing out a bath, molten salt should 
not be stored in a mold or container deeper than 6 in. 
The risk of serious eruption while solidifying 
increases with depth. 

7. To avoid remelting hazards in all furnaces 
except those which heat from the top down (as the 
type) follow this procedure: 


when 


internal electrode 


Before the bath freezes, insert a cast iron wedge with 
tip touching the bottom while the thick end projects 
at least 4 in. above the surface. The vent remaining 
when the wedge is removed from the solidified salt 
will permit the escape of gases on remelting. Remoyv 
the wedge by tapping with a hammer, but not unti 
the bath is completely solidified if removed earli 

molten salt below the surface may erupt. 


First Aid for Cyanide Poisoning 


First aid is the emergency treatment to prevent 
further harm or possible death. It is applied imme- 
diately, prior to the arrival of physician. 

The first requirement is to obtain from a druggist 
and always have on hand for instant use in the first 
aid cabinet in the heat treat: 

Amyl nitrite pearls (heart stimulant). 

Sodium thiosulphate, 1% solution (an emetic, | 
induce vomiting and empty the stomach). 

Call physician immediately; 
apply first aid treatment promptly as follows: 


meanwhi 


If patient is conscious and breathing 

1. Break an amyl nitrite pearl in a 
cotton gauze and hold lightly over his nose while t! 
patient inhales. 

2. If cyanide has been swallowed, induce v 
iting by giving a pint of sodium thiosulphate, |! 
solution. If this is not ready at hand (which 
inexcusable) give copious drinks of soapy 
mustard water, or bicarbonate of soda (2 teaspo 
to pint of water). Continue the use of any of thes 
emetics until the patient throws up a clear soluti 
which proves his stomach is empty. 


piece 


wate! 


If patient is unconscious but breathing 


1. Break an amyl nitrite pearl in a piece 
cotton gauze and hold lightly over his nose wh 
the patient inhales. 

2. Follow with oxygen from an inhalator, if 
is available. 

3. Give nothing by mouth to an unconsci« 


If patient is not breathing 

1. Give artificial respiration at once, co! 
until physician arrives. 

2. While artificial respiration proceeds, a! 
ant breaks an amyl nitrite pearl in a piece of 
gauze and holds it to the patient’s nose. 

3. Give nothing by mouth to an unc 
patient. 
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ELECTROLYTIC POLISHING 





OF STAINLESS STEEL 





AND OTHER METALS 





| on METHODS of electro- 
lvlically cleaning metals have been known for a 
ng time. It was early recognized that when the 
electrolyte’s temperature and concentration were 
properly regulated bright cleaned surfaces were 
btained. However, it was not until 1935, when 
the original paper of Pierre Jacquet was pub- 
shed (Reference 8 in the Bibliography, page 
139), that the subject of electrolytic polishing 
received the attention of the metallurgical world. 
li has since been the object of much interest. 

Electrolytic polishing of many metals and 
alloys has been developed by metallographers for 
preparing specimens for microscopic examina- 
tion. Its application to some metals, such as 
Juminum and copper, has been concerned with 
the obtaining of surfaces with higher reflecting 
power than those obtained by mechanical polish- 
ing. It is in the field of stainless steel, however, 
that electrolytic polishing has attained industrial 
mportance. 

\ lustrous finish on stainless steel requires 
difficult and costly grinding and buffing opera- 
‘tons. Electrolytic polishing obtains a mirrorlike 
linish without the use of any such mechanical 
methods and at a much lower cost. Mechanical 
polishing of stainless steel excessively cold works 
the surface into a highly stressed, partly ferritic 
condition, in which the metal is flowed and piled 


nto ti Furthermore, particles 


scratch troughs. 
abrasive are frequently imbedded — a condi- 
hich tends to promote pit corrosion. 


Bec au 


of the poor thermal conductivity and 


hardn ; Pe 
ard of stainless steel, mechanical polishing 


he ils 


surface in a very non-uniform manner. 





By Orto Zmeskal 
Research Metallurgist 
Universal-Cyclops Steel Corp. 


Bridgeville, Pa 





Electrolytically polished surface layers, on 
the other hand, are free of stress (or have the 
same stress as existed in the metal before polish- 
ing), are free of foreign particles, contain no 
ferrite, and have no heat-affected regions. More- 
over, the surface is passivated. Such a surface 
has greater corrosion resistance than has a 
mechanically polished surface. 

Formed articles which are particularly diffi- 
cult to polish, mechanically, because of inacces- 
sible or depressed areas are easily polished by 
electrolysis. For example, a complex welded 
assembly can be readily polished electrolytically 
at a fraction of the cost of doing it mechanically. 

All types of stainless steels and irons can be 
polished by this chemical means. 

This paper primarily presents the various 
solutions reported to be satisfactory for the pol- 
ishing of stainless steel, and discusses some of 
the variables involved in obtaining a bright sur- 
face from anodic action. The literature contains 
information on useful electrolytes for other met- 
als, and this information is also collected in a 
supplementary table (page 734). 

Essentially, the process consists in making 
the article to be polished the anode in an acid 
electrolytic bath capable of forming a soluble salt 


with the constituent metal. The cathode can be 
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stainless steel, lead, graphite, duriron, or other 
conductive, inactive material, about 10 to 20 times 
the size of the anode (the work being polished). 
Incidentally, where many objects or parts of the 
same intricate shape are to be polished, conform- 
ing cathodes that have the same general shape 
as the parts should be used. This promotes uni- 
form smoothness down into the recesses. 

The current density should be sufficient to 
form and to maintain a solid oxidation product 
on the anode (the work), and permit it to have a 
viscous flow from the surface of the anode. This 
film is thicker in the troughs of the scratches 
than it is on the peaks. Consequently, the resist- 


ance to dissolution is less at a high point of a 
scratch than it is at a lower point; the peak dis- 
solves faster and eventually a plane surface is 


reached. 

Since the mechanism removes the high spots 
there will be necessarily a size loss. Brightening 
can be obtained with a loss of 0.0005 in. from the 
surface, but a satisfactory polish will generally 
remove more metal than this — say, from 0.001 
to 0.002 in. Another use of electrolytic polishing 
technique is suggested, and that is the removal 
of excess surface. When a rod or bar is definitely 
oversize by a small amount, electrolytic polishing 
can be satisfactorily used to correct the condition. 
Furthermore, since the metal dissolves most rap- 
idly at the edges, burrs can be readily removed; 
this is of especial use, of course, when the burrs 
are inaccessible to a wheel. 


Two Classes of Solutions 


The solutions for electrolytic polishing may 
be placed in either of two categories. The first is 
composed of those solutions of low electrical 
resistance, requiring low voltage of from 4 to 25 
volts, wherein control of polishing comes from 
voltage control. The second includes solutions of 
high electrical resistance, requiring high voltage 
of from 50 to 220 volts, wherein control of polish- 
ing comes from current control. 

In the first category are the solutions based 
upon phosphoric acid and acids such as sulphuric, 
arsenic, chromic, boric, tartaric, citric, acetic, 
malic, succinic, and lactic, with or without cer- 
tain organic addition reagents as glycerol, alcohol, 
ether, carbitol, methyl cellosolve, ethylene glycol, 
benzoic acid, picric acid, commercial inhibitors, 
benzene and toluene sulphonates. These organic 
addition agents affect the conductivity of the 
anode film and retard localized pitting. 

In the second category are those solutions 
based upon perchloric acid and organic reagents 
like acetic acid, acetic anhydride, alcohol, and 


ether. Solutions in both categories contain smajj 
proportions of water to improve the conductivity 

The current density required for polishing 
varies according to the solution used, in eithe; 
category, and ranges from a few tenths of ap 
ampere per sq.in. to 30 or even 50 amperes per 
sq.in. A “critical” value exists below which pol- 
ishing cannot occur regardless of the time allowed. 
because the film does not form and the specimen 
is etched. Increasing the current density aboye 
the critical value for polishing shortens the time 
required. Because of greater metal loss and 
lessened chances of pitting, the higher current 
densities yield more lustrous surfaces. The anode 
current efficiencies of the solutions range from 
25 to 100%. Good polishing solutions have good 
throwing power. 

Those solutions of the first category should 
be operated hot for best performance, at about 
100 to 300° F., depending on the solution. The 
higher the temperature the higher the current 
density required. Second category solutions 
should be operated cold (temperature not exceed. 
ing 85° F.). Since the current input will heat 
the solution, external cooling is necessary. Tanks 
can be lead lined, or made of stainless steel. 

The article to be polished should be totally 
immersed, as the foaming in some solutions 
results in a poor polish on that portion withir 
the foam; furthermore, attack on the metal a 
the solution line is severe. The distance betwee! 
the anode and the cathode may be from 0. | 
5.0 in. When the work is coiled (wire or str 
polishing is best done continuously, with the 
strand being drawn through the polishing solv- 
tion, wash, and dryer. 

Proper surface preparation is a pre-requisile 
for a satisfactory polish. Rough surfaces, how 
ever, can be brightened. For metallograph 
specimens the surface should first be taken down 
mechanically to the finish produced by No 
paper. The smoother the surface is to beg 
with, the less the polishing time. The use of very 
high current densities shortens the polishing time 
markedly and also reduces the anrount of prepa! 
atory surface treatment required. 

If wire is to be formed into articles to » 
subsequently electrolytically polished, skill 
draw bench practice must give the wire a smool 
and uniform surface. Minor defects that 4 
difficult to detect in the drawn wire and stress 
irregularities that are impossible to see becom 
quite apparent in the surface after the wire bh 
been electrolytically polished. Any forming ope 
ation must be carried out so that no high! 
localized, highly stressed areas are present. | 
they are unavoidable it is necessary to rem 


ve 
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Brightened 
Hot-Rolled 
Surface 


Brightened 
Ground 
Surface 


Pitted From 
HC! Pickle 


Effect of 
Strained 
Surface on 
Polishing 





Polished After 
Strained Sur 
face Removed 


Polished 
Stainless 
Iron 





Samples of Stainless Steel Wires; One End of Each Has 
Been Polished or Brightened by an Electrolytic Process 
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fords 
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ze 


essed surfaces or the stresses before polish- 

\s a corollary of this, electrolytic polishing 
in excellent inspection method for seams, 

carbide precipitation, highly stressed areas, 
rogeneity in wire and strip. 

iddition to stress effects on the surface, 

rnal condition of the steel — that is, the 


and distribution of the inclusions, and the 


‘omogeneity of the structure — affects the final 


lish 
equel 


nic] 


Inclusions are always dissolved out; con- 
y a specimen electrolytically polished for 
pic examination will appear dirtier than 
echanically polished. Agitation of the 
S not necessary for large scale polishing 


but it does reduce pitting around the inclusions, 
and aids in preparing microscope specimens. 

Polished surfaces may be streaked by gas 
bubbles streaming upward. High temperatures, 
addition agents and agitation will help to avoid 
this trouble. Agitation increases the anode effi- 
ciency and thus the dissolution of the specimen 
is more rapid in those areas near the greatest 
turbulence. Consequently, agitation is undesir- 
able when polishing flat surfaces. 

Distorted metal at the surface of mechan- 
ically polished stainless steel is completely absent 
when the steel is electrolytically polished. Micro- 
scopic examination of an electrolytically polished 
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surface shows no scratch marks, stress bands, or 


other evidences of a distorted structure. An elec- 


trodeposited metal film on an electrolytically pol- 
ished and etched specimen of stainless steel has 
a grain structure that is a continuance of the 
grain structure of the base metal, while a similar 
plate on a mechanically polished and etched 
specimen shows no such structure because it is 
deposited on the distorted surface layer. 
Perchloric acid solutions entail a certain 
hazard. This hazard, the noxious fuming, 
the fact that perchloric acid is a more expensive 
reagent than phosphoric acid, has caused industry 


to adopt phosphoric acid solutions almost exclu- 


and 


sively for polishing the stainless steels. (There is, 
however, at least one large installation based on 
perchloric acid.) Metallographic samples to be 
polished in perchloric acid should be removed 
from their plastic, or Wood’s metal mounts, as 
these materials form explosive compounds with 
the reagents. Apparatus for laboratory polishing 
is described in some detail in each of the follow- 
ing literature references to be found on page 735: 
23, 28, 40, 44, 80, 84, 85, 88, 89, 


93, 107, 110. 


ys Se $5, 65, 67, 





Part A: Solutions Requiring Low Voltage 


(All solutions are given in weight percentages unless 


otherwise indicated; current in amperes per sq.in.; 


temperatures in °F.) 
ReEFERENCH 


So. vuTIon CoNDITIONS 


several years), and can be operated over 4 y 
Any one of the solutions 


range of compositions. 


listed will give good results. 





Phosphoric acid solutions have a long 


Patented modifi 


lt 


tions will brighten an article in shorter times 


and in some instances permit brighter surfaces 


to be obtained than from the simple phospho: 


acid solutions in water. 


Post-war applications of electrolytic 
ing for improving the appearance of stainles 


steel are many, but 


the merits m 


pre CeSS 


application now than it is receiving. Correeti 


for oversize, deburring, removing amorphous | 


} 


polist 


ers, scale removal, polishing of intricate shapes 
preparation for plating, improvement of finis 


in addition to the 


most 


important feature 


increasing the corrosion resistance, are good ™ 


sons for this statement. 


In the following 


tables are presented 


various solutions recommended for stainless st 


and for other metals, 
the recommendations. 


along with the sources 
Apparatus for commer 


polishing is described in the following literatu 


references (page 789): 
60, 62, 71, 76, 26, 99, 


A SURVEY OF SOLUTIONS REPORTED TO BE SATISFACTORY 
FOR POLISHING STAINLESS STEEL 


Phosphoric acid 100 1 amp. 1, 76, 
100-220° 78 
5 min. 
Phosphoric acid 80 1-12 amp. 4, 29 
Water 20 100-220° 
5 min. 
Phosphoric acid 75 3 amp ‘. 2 
Water 25 100-220° 
5 min. 
Pyrophosphoric acid 100 g. 2 amp. $2, 47, 
Alcohol to make 1 liter 100-220° 85 
10 min. 
Sulphuric acid 75-100 20 amp . 2 = 
| 2, 38, 
Aqueous solution 150° 76, 78, 
5 min. 112 
Chromic acid 3 0.4 amp 6 
Water 57 100° 
l hr 
Phosphoric acid 60 5 amp 9] 
Sulphuric acid 20 175' 
Water 20 } min 
Phosphoric acid 65 3.5 amp 76.113 
Sulphuric acid 15 200° 
Water 20 5 min. 
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SoLUTION 
Phosphoric acid 63 
Sulphuric acid 15 
Water 22 
Phosphoric acid 30 
Sulphuric acid 60 
Water 10 
Phosphoric acid 30 
Sulphuric acid 60 
Water 10 
Phosphoric acid 5 
Sulphuric acid 10 
Water 15 
Phosphoric acid 14 
Sulphuric acid 50 
Nitric acid 36 
Phosphoric acid 63 
Sulphuric acid 15 
Chromic acid 10 
Water 12 
Phosphoric acid 67 
Sulphuric acid 20 
Chromic acid + 
Water 9 
Phosphoric acid 15 
Sulphuric acid 60 
Chromic acid 10 
Water 15 
Phosphoric acid 67 
Sulphuric acid 20 

, 


Chromic acid 


Water 


132 


12, 24, 29, 54, 56, 57, 


101, 113, 114. 


CONDITIONS 
0.35 amp. 97, 
120° 

1 hr. 

0.2 amp. ‘6, 
120° 

5 min. 

1.8 amp. 98 
120° 

2 min. 

0.5-3.5 amp. 
85-300° 

5 min. 

No current 

120° 

5 min. 

3 amp. } 
120” 

1 hr. 


3 amp. 
120° 
1 hr. 


4 amp. 
120° 


30 min. 


1.7 amp. 
120° 
l hr. 



























































ilphuric acid 


mmoniated 





SOLUTION 
acid 3 
cid tu 
cid 6 


> acid 13 
icid 16 


ri acid 12 
47 
ll 
ilso make other 
,dditions, which 


oiling, soluble in phos- 
wcid, and contain one 
ore hydroxyl groups) 


ric acid 40 

. tallow, benzoic 

picric acid, 

bitors 50 
10 

oric acid 50 

ic acid 40 


A,containing 10 
g ycine dissolved in 
on hot water 
ric acid 70 
acid 10 
20 
oric acid 60 
icid 15 
20 
ric acid iS 
32 


20 


huric acid 73 
cerol or 20 


Poluene sulphonates 


huric acid 50 


10 
10 


hurie acid 60 
0.01 


yrrhizin 


ol 0.55 


40 


uric acid 15 
cid 60 


25 


t% of total volume 
alcohol, or other al- 
is ethyl, propyl, butyl, 


glycol 


icid 20 

i 55 
25 

icid 15 

55 

30 

icid 10 

a 77 

13 





CoNnDITIONS 


3 amp. 98, 106 
120° 

1 hr. 

7 amp. 97 
120° 

5 min. 

0.1-0.6 amp. 51, 10 


200-300° 104, 


8-15 min. 


0.5 amp. 35 
212° 


10 min. 


3-4 amp. 109 
160° 
2-3 min. 


0.7-3.5 amp. 108 
100° 

5 min. 

1.8 amp. 83 
120-160° 

40 min. 

3.5 amp. 35 
130° 

5 min. 

1-2 amp. 52 
70-100° 

5 min. 

1.5 amp. 74 
R5Y 

0.5-5 min. 


7 amp. 97 
180° 

8 min. 

14 amp. 97 
165° 


2 min, 


0.5-40 amp. 96 
125-250" 


0.5-3 min. 


0.5-1.5 amp. 56, 


180-190° 
5 min. 


0.5-40 amp. 49, 


120-250° 
0.5-3 min. 


0.3-0.7 amp. 83 


140° 
20-90 min. 
0.3-0.7 amp. 
140° 
20-90 min. 


Rererenct 


te 


{pril, 1945 


So.vuTIon 


Sulphuric acid 10 
Arsenic acid 77 
Water 13 
Sulphuric acid 36 
Arsenic acid +7 
Water 17 
Sulphuric acid 55 
Hydrofiuoric acid 7 
Water 8 
Sulphuric acid 69 
Hydrofluoric acid 10 
Hydrogen peroxide 21 
Sulphuric acid 73 
Hydrofluoric acid 13 
Water 14 
Sulphuric acid i3 
Hydrofluoric acid i 
Water 20 
Sulphuric acid tt) 
Hydrochloric acid 29.5 
Titanium 5.5 
tetrachloride 
Nitric acid 0.5 
Water 24.5 
Sulphuric acid 17 


Calcium phosphate, 
phosphoric acid added 

Sodium sulphate added 
to saturation 


Arsenic acid S4 
Chromic acid 10 
Water 6 


Aqueous acid electrolytic bath 
containing any of the fol 
lowing ions that form easily 
soluble salts with the steel: 


Oxalate, bisulphite, chloride, 


nitrate, bromide, cyanate, sul 


phite, acetate, fluoride, iodate, 
iodide, perchlorate, nitrate, 


chlorate, thiocyanate, bro 
mate, hydrosulphide, and cya 
nide. 





(CONDITIONS 


0.7 amp 82 
140° 

6U min. 

0.3-0.7amp. 82 
140° 

60 min 

0.5-2 amp 24 
70° 


0.5-4 min. 

2 amp 24 

7o° 

5 min 

3.5 amp. 24 

70 

5 min. 

lamp. 13 

140° 

5 min. 

Specimen as 39 
cathode 

170°? 


2-5 min 


l amp 3 
io” 

1.5 min. as anode 

1.5 min. as cathode 
2.5 amp 83 
140° 

10 min. 


Current density 50 
sufficient to remove 
solid anodic oxida 
tion products from 
the surface. 

50-100° 


Rererence 


Part B: Solutions Requiring High Voltage 


(All solutions are given in volume percentages. Cur 


rent in amperes per sq.in.; 


SoLuTION 
Perchloric acid 75 
Water 25 
Perchlorice acid 32 
Acetic anhydride 64 
Water 4 
Perchloric acid 19 
Acetic anhydride 76 
Water 5 
Perchloric acid 34 
Acetic anhydride 66 
Perchloric acid 20 
Ethyl alcohol 80 
Perchloric acid 66 
Ethyl alcohol sv) 
Water i4 


Nitric acid 
Methy l alcoho! 66 


Pa ge 733 






temperatures in °F.) 


CONDITIONS 


2-4 amp Sl 
50-85” 

5 min. 

0.4 amp. 100, 
85° max. 

5 min. 

0.6-4 amp 91, 
85” max 30, 
1-10 min 66 
0.5 amp. 54, 
85” max. 5 
5 min. 

13-40 amp. 77, 
95° max 73, 
10-15 sec 93 
30 amp 92 
85° max 

wi sec 


10 amp 
90-100" 


1 min 


Rererenct 


32, 


34, 


61, 














A SURVEY OF SOLUTIONS REPORTED TO BE SATISFACTORY 


FOR POLISHING SEVERAL METALS AND ALLOYS 


Aluminum 


SoLuTIon 
Perchloric acid 
Acetic anhydride 80 
Perchloric acid 
Ethyl alcohol with 

8 per cent ether 


80 


Dilute aqueous solution of 
fluoborie acid 


Sodium carbonate or phosp! 
aqueous solution 


Chromate or phosphate solu 


20 (vol.) 


20 (vol.) 


ate 


tion 


CONDITIONS REFERENCE 


0.2-0.4 amp 20, 61 
100° max 

15 min. 

13-26 amp. 

95° max. 
8-12 sec. 


Copper 


Phosphoric acid 
Water 37 


Phosphoric acid 
Ether 30 


58 ( 
42 


Pyrophosphoric acid 
Water 


Chromic acid 
Water 
Phosphoric acid 
Water 


16 ( 
S4 
70 ( 
30 


Perchloric acid 30 ( 
Glacial acetic acid 70 


Perchloric acid 
Acetic anhydride 67 
Water 9 
Perchloric acid 
Acetic anhydride 63 
Water 2 


Sulphuric acid 73 ( 
Water 27 


Sulphuric acid 70 ( 
Water 30 
Perchloric acid 

Glacial acetic acid 25 


63 (wt.) 


70 (wt.) 


wt.) 


Brass 
wt.) 


wt.) 


Lead 


vol.) 


24 (vol.) 


35 (vol.) 


Nickel 
wt.) 


wt.) 


75 (vol.) 


0.02-0.05 amp. . 10, 84, 61 
68° 
5 min 
0.4-0.5 
or 3-4.5 amp 
80° 
5-10 min. 
0.5-0.7 amp. 
68°” 
10-15 min. 


60-80 amp. 


0.5 amp 
80° 
5 min. 


1.3-1.6 amp 
68° 

5 min. 

1-2.5 amp. 
68° 

5 min. 
0.6-0.7 amp 
68” 


5 min. 


1-3 amp. 
80? 

2 min. 

2-4 amp. 
100° ; 5 min 
2-4 amp. 
85° 

5 min. 


Steel; Carbon and Alloy 


Annealed 
Perchloric acid 
Acetic anhydride 
Water 

Quenched 
Perchloric acid 
Ethy! alcohol with 

3 per cent ether 


18.5 
76.5 


5.0 


20 ( 
SU 


(vol.) 


vol.) 


0.3-0.8 amp. 
68° 


34, 61, 
80, 107 
+-5 min 


13-32 amp. 
68” 


10-15 sec 


SoLvUTION ConDITIONS 


Tempered Steel 
50 (vol.) 
50 


0.5-1 amp. 
120-175° 


15 min. 


Phosphoric acid 
Diethylene glycol 
monoethy] ether 
Electrical Sheet with 3 per cent Silicon 
33.5 (vol.) 0.4 amp. 
66.5 85° max. 
5 min. 


Perchlorie acid 
Glacial! acetic acid 


Hadfield’s Manganese 
Perchloric acid 18 (vol.) 
Acetic anhydride 76 
Water 6 

General Application on Steels 
10 (vol.) 

90 


2 amp. 
85° max. 
30 sec. 


1.5-2.5 amp. 
80° 
0.5-2 min. 


Perchloric acid 
Glacial acetic acid 


Phosphoric acid 48 (wt.) 5-8 amp. 
Sulphuric acid 40 95-120° 
Water 12 10 min. 
Phosphoric acid 45 (wt.) 
Sulphuric acid 


3-7 amp. 
100° 
Glycerol 5-10 min. 
Water 
Phosphoric acid 
Sulphuric acid 
Dextrose 
Water 
Phosphoric acid 
Sulphuric acid 


1.5-4.5 amp 
80-100° 
5-10 min. 


3-7 amp. 
100-130° 
Chromic acid 8-5 min. 
Water 


Phosphoric acid 5 amp. 


Sulphuric acid ; 75 
Water 3 min. 


Tin 
20 (vol.) 
80 


0.6-1 amp. 
R5° 
8-10 min. 


Perchloric acid 
Acetic anhydride 


Tungsten 
0.2-0.4 amp. 
68° 
20-30 min. 


Caustic soda, 
aqueous solution, 10% 


0.6 amp. 
100-120° 
10 min. 


Cri-sodium phosphate 160 g. 
Water 1 i. 
Zine 
l amp 
68° 
15 min. 


Caustic potash 

aqueous 25% solution 
Chromic acid 16 amp. 
Water 
Chromic acid 
Sodium dichromate 
Sulphuric acid 
Acetic acid 
Water 


2 amp 


Miscellaneous Metals 


See the following literature references: 
#1, 61, 83, 94, 111. 
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PERSONALS 





Ropert S. MuLver has joined the 
staff of the American Society for 
Metals, Metal Progress, and The 
Metals Review as eastern represent- 
ative with offices in New York City. 
CHESTER L. WELLS, formerly eastern 
representative, has taken up duties 
on the business staff in Cleveland. 


Pump A. Koerner @ is now 
employed as metallurgical engineer 
by Beech Aircraft Corp., Wichita, 
Kansas. 

J. BsonksTEN @ has left his posi- 
tion as chemical director of the 
Quaker Chemical Products Corp. to 
establish an independent industrial 
research organization in Chicago. 

ENsIGN J. Tucker MACKENZIE 
U.S.N. @ has received his wings 
and reported to Daytona Beach, 
Fla., U. 
further training. 


S. Naval Air Station, for 
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ArTHUR L. LAMASTERS @, fo. 
merly general manager and chief 
engineer of the Claud SS. Gordon 
Co., Chicago, is now vice-} resident 
in charge of operations of the Ally 
Casting Co., Champaign, I! 


R. E. Fritscun @, formerly yieg. 
president, has been elected preg. 
dent of Tube Turns, Louisville, fy 


Henry T. CHANDLER, formerly 
assistant to president, has been 
elected a vice-president of th 
Vanadium Corp. of America. Bey. 
TON H. Grant, formerly assistant ty 
president, has been appointed » 
assistant vice-president. 

R. E. ZIMMERMAN @, vice-pres- 
dent, U. S. Steel Corp., has beg, 
appointed to a committee of eight 
industrial executives to advise the 
Department of Commerce and the 
American Standards Association o 
future plans for standards work, 


JaMEs H. BALDREY © has bee 
appointed superintendent of th 
melting department of Allegheny 
Ludlum Steel Corp., Watervlie 
N. Y., succeeding T. F. McoCuiesmm 
©, who is retiring. 


J. RAYMOND SmiTH @, forme 
manager of stainless steel shee 
sales for the Eastern Stainless Ste 
Corp., has been appointed to 
newly created position of assistanl 
to general sales manager of Rustles 
Iron and Steel Corp., Baltimore. 


Iver G. FREEMAN @, formetl 
superintendent of the Grindi 
Machine Division of Norton W 
Worcester, Mass., has been § 
pointed factory manager. 


Joe Horrer @ has returned t 
the Udylite Corp., Detroit, to! 
come sales and service engineer f 
the Michigan territory, succeedit 
Bert Lupren, now manager of & 
Cleveland territory. 


WarrEN J. Mean, formerly he 
of the geology department of M 
chusetts Institute of Technolog 
has been appointed director of 
research activities for Reyno 
Metals Co. Re B. Gray @, for 
director of the Glenn L. Marti 
Co.’s testing laboratories, has 
named director of developme 
research, and Ricuaro J. La 
until recently head of the Miscel 
neous Minerals Division of * 
W.P.B., is in charge of basi¢ 
search for Reynolds. 
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PERSONALS 





E. STan_ey @, formerly 
Aircraft 
Linden Division of General Motors 


with the Eastern Corp.. 


Corp., Linden, N. J., is now metal- 
lurgist in the Research Laboratory, 
Consoli 


Fort 


Department, 
Aircraft 


Engineering 
dated Vultee 
Worth, Texas. 


Corp., 


Promoted by W. M. Chace Co., 
Detroit: ALBAN S$ 
from chief metallurgist to chief 


CLARENCE F., 


engineer. 
@& has 
been appointed district engineer 
for the Michigan W. & 
Rockwell Co., New 
W. E. Renwick @ is now asso- 
with the Mansfield 
Mansfield, Ohio, fol- 
lowing dissolution of the Graphite 
Section of the W.P.B., of which he 
had been chief. 


STANLEY D. WHITESIDE 
area for 
York. 

ciated Brass 


Foundry, Ince., 
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OTHER KEMP PRODUCTS 
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HanoLtp R. KinG @ has been, 
pointed metallurgist of Callus 
Hatch Bronze Co., Buffalo, X, y 


HENRY M. 
with 


PFAHL 6, lormer 
Carnegie-Illinois Stee] Com 
as contact metallurgist, is now wif 


Tate-Jones & Co., Ine., 


etsdal 
Pa., as metallurgical engineer an 


assistant manager of sale 


H. P. Errer @, formerly my 
ager of the Los Angeles distries s 
Air Reduction Co., has been, 


pointed sales manager of the Pacis 
Coast Division with headg larters 


San Francisco. 


ArTHUR H. HJorrspenc @, fy 


merly division superintendent 
central rolling mills for Carneg 
Illinois Steel Corp., Gary Ste 
Works, has been made assisty 
operating head of the plant, sa 
ceeding Erte G. HILe ©, no 


superintendent of Wheeling § 
Corp., Wheeling, West Va. Jony 
GOLDEN @ has been promoted fr 
superintendent of the steel prod 
tion division of the Gary Works 
division superintendent of the ca 
bined openhearths and cent 


mills. Epwin H. Gort, form 


assistant division superintend 
of maintenance, is promoted 


assistant to general superintende 


Wma. H. Corvin, Jr., former 
president of Rotary Electric & 
Co., is now president of Cracil 


Steel Co. of America. 


30CKRATH @ has Det 
made manager of magnesium 
for the Houston, Texas office of 
Dow Chemical Co. 


Ropert E., 


Wititiam H. Sarranek, J 
formerly chemist at the Apa 
Metal Works, Clearing, IIl., has 0 
appointed to the Staff of Batt 
Memorial Institute, Columbus, 
will! 


where he engage in elect 


chemical research. 


N. R. Anant @, formerly 4 
helper at Republic Steel @ 
South Chicago, is now |W” 


fura 


melter in the electrical 
shop at Universal-Cyclops™ 
Corp., Bridgeville, Pa. 


Joun L. Grove © now © 
ployed at the Homestead wf 
Works of Carnegie-Illinols st 
Corp. as junior meta urgist 


research and development of # 


plate. 


